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THE  RELATION  OF  THE  AURICULO-VEXTRICULAR  REGION 
TO  THE  SEQUENCE  OF  CONTRACTION  OF  THE  HEART. 

By  GEORGE  S.  BOND. 

( J  oh  ns   Hopki  n  s    University . ) 

The  auriciilo-ventricular  region  has  long  been  a  subject  for  dispute, 
particularly  as  to  the  relation  it  bears  to  the  sequence  of  contraction  of  the 
heart.  Physiologists  are  still  debating  whether  the  transmission  of  the 
stimulus  at  this  point  is  through  neural  or  muscular  paths.  The  evidence, 
however,  points  to  the  latter  as  the  true  mode  of  conduction,  but  if  this  be 
true  another  question  arises.  A\Tiat  is  the  cause  for  the  long  pause  that 
occurs  at  that  point  ?  Dela}-  in  transmission,  due  simply  to  the  change  in 
number  and  direction  of  muscular  fibres,  is  hardly  a  sufficient  explanation. 

Clinicians  too  are  especially  interested  in  this  portion  of  the  heart.  Its 
association  with  heart-block  and  the  possibilities  it  holds  of  explaining  some 
of  the  numerous  irregularities,  give  it  special  emphasis.  For  this  reason  any 
facts,  however  small,  are  worthy  of  note,  which  throw  hght  upon  the  action 
of  this  region  during  the  contraction  of  the  heart.  Therefore  I  wish  to 
record  certain  observations  which  I  have  made  upon  the  frog's  heart,  in  the 
hope  that  they  may  aid  in  the  further  study  of  this  region  in  the  mammahan 
heart. 

During  the  3'ear  1010,  I  undertook  some  investigations  on  the  septal 
nerves  of  the  frog's  heart.  I  followed  the  experiments  used  by  F.  B.  Hofmann 
and  my  results  coincided  with  those  he  obtained.  These  show  that  the 
septal  nerves  carry  the  fibres  of  the  vagus  which  control  the  strength  of 
contraction  and  tonicity  rather  than  those  affecting  rhythmicity. 

To  observe  these  nerves  a  special  method  of  dissection  was  necessary 
and  I  employed  one  differing  somewhat  from  that  of  Hofmann.  This 
method  was  comparatively  simple  with  the  aid  of  a  small  dissecting  micro- 
scope. Very  large  frogs  were  used  because  their  hearts  were  corre- 
spondingly large  and  thus  easily  operated  upon.  The  pericardium  was 
dissected  away,  and  the  heart  completely  removed  from  the  body,  when  it 
was  placed  in  Salt  or  Locke's  solution.  Here  it  would  continue  to  pulsate 
for  several  hours,  even  though  the  solution  were  not  warmed.  A  sUt  was 
made  in  the  wall  of  the  right  auricle  between  the  sinus  and  hulhus  aortre. 
Small  hooks  from  which  weights  were  suspended  were  attached  to  the  edge 
of  the  slit,  and  served  to  widen  the  opening  made.  If  several  of  these  hooks 
were  attached  at  convenient  places  and  the  tissue  dissected  between  them, 
the  right  auricle  could  be  completely  spread  out.  This  afforded  an  excellent 
view  of  the  transparent  septum  with  the  left  auricle  behind  it,  and  the  sinus 
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to  one  side  at  the  auricular  margin.  The  ventricle  was  tilted  so  that  one 
could  look  down  upon  the  orifice.  This  allowed  careful  examination  of  each 
portion  of  the  heart  during  the  contraction  (Fig.  1).  The  above  procedure, 
as  a  rule,  produced  no  harmful  effect  on  the  rhythmic  movements  of  the  heart, 
and  one  could  experiment  upon  it  at  will. 


Fig.  1.     Shows  appearance  of  the  frog's  heart  after  dissection.     Arrows  point  to 

auriculo-ventricular  ring  described. 

This  preparation  also  afforded  an  excellent  means  of  studying  the  wave 
of  contraction  as  it  passed  over  the  heart,  since  both  the  internal  and  external 
surfaces  were  exposed.  The  relationship  which  any  part  of  the  heart  bore 
to  any  other  could  be  very  easily  observed.  I  soon  became  interested  in  the 
musculature  surrounding  the  auriculo-ventricular  ring,  and  its  relation  to  the 
conduction  of  the  stimulus  from  auricle  to  ventricle.  In  hearts  of  slow 
rhythm  that  portion  shows  a  definite  contraction,  distinctly  separate  from 
the  contractions  of  either  auricle  or  ventricle.  It  occupies  the  greater  part 
of  the  time  usually  attributed  to  the  pause  which  takes  place  at  that  point. 
A  very  slow  rate  brings  out  this  interposed  contraction  very  distinctly,  and 
close  observation  shows  a  slight  pause  both  before  and  after  its  movement. 
In  hearts  beating  more  rapidly  it  is  impossible  to  separate  the  contraction 
of  this  ring  from  the  general  j)eristaltic-hke  wave  which  rapidly  passes  over 
the  entire  organ. 

It  was  first  suspected  that  this  appearance  might  be  due  to  a  movement 
of  the  rudimentary  valves,  or  to  fling  from  the  preceding  auricular  contraction. 
In  the  death  of  some  hearts,  however,  all  the  other  portions  became  still, 
leaving  the  ring  contracting  alone,  which  showed  it  to  be  a  definite  muscular 
action. 


SEQUENCE     OF     CONTRACTION.  3 

At  the  beginning  of  the  experiments  I  attempted  to  obtain  simultaneous 
graphic  records  of  the  various  portions  of  the  heart.  None  of  those  which 
were  tried,  however,  were  of  sufficient  dehcacy  to  record  the  minute  con- 
traction of  the  ring.  It  was  therefore  necessary  to  be  content  with  simple 
inspection  of  the  changes  which  took  place  during  the  contraction  of  the 
heart,  and  in  order  to  rule  out  the  subjective  errors  of  a  single  observer  the 
phenomena  were  all  demonstrated  to  and  confirmed  by  Prof.  L.  F.  Barker 
and  Dr.  A.  D.  Hirschfelder. 

Histologically  it  has  been  shown  by  many  writers  that  the  auricles  and 
ventricles  have  direct  muscular  connections.  Kent^  first  demonstrated  in 
some  mammals  that  distinct  muscle  strands  connected  these  two  j)ortions  of 
the  heart.  Previous  to  this,  however,  Gaskell's  work  "  "^  ^  had  led  him  to 
believe  that  when  the  contraction  wave  reached  the  auriculo-ventricular 
junction  it  stimulated  the  ventricle  to  contraction.  The  most  important 
findings  were  those  of  Wm.  His,  Jr..®  He  described  a  definite  bundle  of 
fibres  passing  from  the  auricles  over  the  auriculo-ventricular  junction  to  end 
in  the  ventricular  musculature.  His  work  was  later  confirmed  by  Retzer,!^ 
Tawara,  and  others,  who  added  further  details  to  the  j)revious  description. 
In  the  hearts  of  the  \o\\ev  animals  we  find  structures  of  similar  nature. 
Mc William  1"*  describes  a  ring  of  muscle  in  the  heart  of  the  eel  which  surrounds 
the  auriculo-ventricular  junction.  This  ring  is  continuous  on  one  side  with 
the  auricle,  and  on  the  other  with  the  ventricle.  Keith  and  Flack^  have 
shown  that  there  exists  in  the  frog  a  similar  ring  around  the  base  of  the 
valves.  Gaskell  in  experimenting  on  this  ring  in  the  frog  found  that  excising 
any  part  of  it  had  no  effect  on  the  sequence  of  the  heart,  but  complete 
excision  produced  block. 

These  writers  have  all  looked  upon  this  portion  of  the  musculature 
merely  as  a  conducting  system  over  which  the  stimulus  passes  to  the  ventricle. 
From  their  descriptions,  however,  it  definitely  coincides  in  location  with  the 
muscular  ring  described  above.  Therefore  it  would  seem  that  this  ring  has  a 
double  action.  First,  it  is  a  definite  muscular  entity  with  a  distinct  co- 
ordinated contraction  in  the  heart  sequence.  Second,  by  means  of  its 
contraction  it  transmits  the  stimulus  from  the  auricles  to  the  ventricle. 
With  this  in  mind  we  then  see  that  the  sequence  in  the  frog's  heart  is  made  up 
of  five  distinct  contractions. 

The  sinus,  which  acts  as  the  pace-maker,  contracts  first  ;  from  this 
the  stimulus  spreads  over  the  auricles,  causing  their  contraction  ;  then 
the  auriculo-ventricular  ring,  ventricle,  and  hidbvs  aortce  contract 
successively,  the  action  of  one  being  completed  before  the  next  begins. 
There  is  still  some  doubt  as  to  the  path  of  stimulation  from  the  sinus  to  the 
ventricle.  Mc William  states  that  it  passes  both  through  the  auricular  tissue 
proper  and  the  basilar  portion  of  the  auricle.  Retzer,  Keith  and  Flack, 
on  the  other  hand,  hold  that  the  basal  portion  of  the  auricle  alone  is  involved. 
Experiments  with  the  frog  heart  preparation  seem  to  indicate  that,  at  least 
in  the  frog,  the  entire  auricular  tissue  is  capable  of  transmitting  the  stimulus. 
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Separating  the  auricles  from  the  ventricle  at  any  point  so  as  to  include  the 
junction  of  the  basilar  portion  of  the  auricle  does  not  interfere  with  the 
sequence  of  contraction.  This  is  true  as  long  as  a  bridge  of  auricular  tissue 
remains  of  sufficient  size  to  conduct  the  stimulus.  If  the  bridge  is  too 
narrow,  partial  or  complete  block  occurs.  In  all  instances  the  ring  contracts 
before  the  ventricle,  showing  that  the  course  of  the  stimulus  at  that  point 
has  not  been  changed.  Another  reason  also  supports  this  view.  If  the 
stimulus  passes  over  a  direct  path  between  the  sinus  and  ring  one  would 
expect  an  immediate  response  on  the  part  of  the  latter.  This  is  not  the  case, 
however,  for  the  complete  auricular  contraction  plus  a  slight  pause  following 
it  is  interposed  between  the  contractions  of  the  sinus  and  the  ring. 

Up  to  the  present,  the  time  that  elapses  between  the  contraction  of  the 
auricle  and  ventricle  has  been  ascribed  simply  to  the  slowing  of  the  stimulus 
in  the  auriculo- ventricular  tissues.  Many  explanations  have  been  given  to 
account  for  this  pause,  because  its  duration  is  longer  than  is  accounted  for 
by  the  conduction  time  of  either  nerve  or  muscle.  In  studying  the  action 
of  the  ring,  however,  another  factor  is  now  apparent  which  affords  a  more 
simple  exjolanation.  We  are  dealing  not  with  the  conduction  time  but  with 
the  contraction  time  of  heart  muscle.  The  ring  acts  like  all  the  other  portions 
of  the  heart  in  that  it  first  contracts  before  the  succeeding  part  receives 
the  stimulus. 

Many  of  the  variations  of  auriculo-ventricular  conduction  can  also  be 
explained  in  the  functional  changes  which  the  ring  itself  presents.  It  has  a 
refractory  phase,  consequently  any  stimulus  reaching  it  at  that  time  will  call 
forth  no  response,  and  we  have  an  apparent  block.  Heat  or  any  agent  which 
increases  the  irritability  of  heart  muscle  causes  an  increase  in  the  rapidity 
of  the  ring  contraction.  In  this  case  the  apparent  conduction  time  from 
auricle  to  ventricle  is  shortened.  Cold  produces  the  opposite  effect  and  we 
have  a  prolonged  conduction  time.  The  action  of  the  ring  of  muscle  in  the 
various  irregularities  of  the  heart  forms  an  interesting  study.  The 
preparation  lends  itself  to  this  study  very  readily  because  the  sequence  can 
be  so  closely  followed.  The  irregularities  can  be  caused  either  by  artificial 
stimulation  or  through  the  increased  irritability  of  the  heart  muscle  from  the 
action  of  aconite  (Cushny).  The  ring  in  most  conditions  serves  as  the 
"  pace-maker "  of  the  ventricle.  Extrasystoles  can  be  produced  by 
stimulating  the  ring  and  these  are  followed  by  contractions  of  the  ventricle. 
On  the  other  hand,  ventricular  extrasystoles  produced  by  stimulating 
portions  of  the  ventricular  surface  are  usually  preceded  by  a  ring  contraction. 
In  auricular  extrasystoles,  regardless  of  the  point  in  which  they  may  originate, 
the  ring  occupies  the  intermediate  position  in  the  sequence  between  the 
auricle  and  ventricle  contraction. 

Auriculo-ventricular  block  may  occur  at  two  points,  either  above  or  in 
the  ring  itself.  If  the  supraventricular  stimulus  is  checked  at  the  auricular 
margin,  the  ring  initiates  a  rhythm  which  the  ventricle  follows.  Cessation 
of  ring  contraction  occurs  occasionally  from  various  causes  and  here  we  have 
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an  entirely  different  type  of  block.  The  stimulus  from  the  auricle  does  not 
pass  the  auriculo-ventricular  junction  and  the  ventricle  itself  establishes  its 
independent  rhythm.  This,  however,  is  somewhat  slower  than  that 
originating  in  the  ring  itself. 

Retrograde  rhythm  may  begin  at  either  of  two  places  :  if  it  arises  in  the 
ventricle  proper  it  is  followed  by  the  sequence  ring,  auricles  and  then  sinus. 
It  may  originate,  however,  in  the  ring  itself  and  the  auricles  and  ventricle 
contract  simultaneously.  This  corresponds  very  closely  to  that  type  of 
irregularity  to  which  has  been  given  the  name  "  Nodal  rhythm."  *  Many 
auricular  irregularities  are  also  caused  by  this  tendency  of  the  ring  to 
stimulate  the  auricle.  I  have  frequently  seen  the  types  shown  in  the  following 
diagram  ;  these  were  possibly  due  to  a  retrograde  stimulus  from  the  ring  to 
the  auricle. 
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The  question  of  course  immediately  arises,  were  not  these  simply 
spontaneous  auricular  contractions,  and  not  caused  by  a  stimulation  from 
the  ring.  In  slow  hearts,  however,  one  could  see  the  extra-auricular  con- 
traction arising  at  the  auriculo-ventricular  margin  and  spreading  over  the 
auricle.  Another  method  which  substantiates  this  consists  in  sphtting  the 
auricles  longitudinally  down  to  the  auriculo-ventricular  ring.  One-half  is 
attached  to  the  sinus  and  ventricle  {A^)  ;  the  other  is  only  connected  to  the 
auriculo-ventricular  margin  (A'-^).       The  contraction  then  runs  as  follows  : 

A- E V 

S — .4^ — E  ^  V  '      J^lii^  appears  to  be  evidence  that  the  auriculo- 

ventricular  tissues  may  reverse  the  stimulus  at  that  point.  It  w  ould  serve 
as  a  possible  explanation  for  some  of  the  extrasystoles  and  tachycardias 
arising  in  the  lower  segment  of  the  auricles. 

Conclusio)is. 

My  observations  i^ermit  of  the  follow  ing  conclusions,  w  hich  are  intended 
to  apply  to  the  frog's  heart  : 

A  definite  muscular  structure  connects  the  auricles  with  the  ventricle 
and  its  contraction  holds  a  fixed  position  in  the  sequence  of  the  heart  beat. 
This  lends  additional  evidence  towards  the  theory  that  the  transmission  of 
stimulus  is  through  muscular  rather  than  neural  paths. 

*  True  initiation  of  the  rhythm  by  the  cells  of  the  auriculo-ventricular  bundle,  not  the 
absolute  irregularity  now  know  n  to  be  due  to  auricular  fibrillation. 
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The  conduction  time  at  the  auriculo- ventricular  junction  is  accounted 
for  by  the  contraction  of  the  ring. 

The  ring  usually  serves  as  the  pace-maker  for  the  ventricle,  but  the 
latter  is  also  capable  of  estabUshing  its  own  rhythm  when  it  receives  no 
supraventricular  stimulus. 

The  ring  may  stimulate  either  the  auricles  or  the  ventricle,  and  so  be 
responsible  for  certain  complex  types  of  irregularity. 

In  conclusion  I  wish  to  express  my  thanks  to  Dr.  Barker  for  many 
suggestions  during  the  course  of  these  experiments. 
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A     DESCRIPTION    OF    A    CASE    OF    COMPLETE     HEART-BLOCK, 
INCLUDING    THE    POST-MORTEM    EXAMINATION. 

By  ALFRED  E.  COHN 

{From  the  Hospital  of  the  Rockefeller  Institute  for  21  edical  Research), 

AND 

THOMAS  LE\^1S  * 

{From   the  Cardiograph ic   Department,    University  College   Hospital  Medical 

School). 

A  MiNiSTEE,  aged  77,  who  was  a  patient  of  Dr.  C.  E.  McDade,  was  brought 
to  University  College  Hospital  Medical  School  in  March,  1911,  for  electro- 
cardiographic examination,  through  the  kindness  of  Dr.  H.  Batty  Shaw. 

He  had  been  under  Dr.  McDade "s  care  for  a  number  of  years,  and  his 
condition  was  reported  in  the  Lancet,  1906,  ii,  page  653. 

The  patient  was  an  extremely  hard  working  man  who  had  had  excellent 
health  until  1904,  when  he  was  70  years  of  age.f  In  July  of  that  year  and  in 
February,  1905,  he  had  attacks  of  vertigo  and  flatulence.  In  June,  1905,  the 
pulse  rate  was  noticed  to  be  40  ;  the  beats  were  strong  and  regular.  He 
complained  of  easy  exhaustion,  especially  after  exertion.  There  was  then 
no  vertigo,  and  breathing  was  free  and  the  urine  normal.  The  heart  sounds 
were  clear.  On  June  the  23rd,  the  pulse  beat  regularly  at  78.  From  July 
the  7th  to  14th,  the  pulse  beat  regularly  at  40  and  he  was  performing  his 
usual  arduous  work  without  fatigue.  On  August  the  13th,  the  pulse  was 
regular  at  63,  and  on  November  the  13th,  regular  at  38.  On  December  the 
15th  he  seemed  to  be  faihng  in  strength.  The  pulse  was  32  and  sometimes 
irregular.  He  took  to  bed  on  the  19th  and  the  pulse  became  regular  again, 
varying  in  rate  from  28  to  32.  At  this  time  rapid  oscillations  of  the  jugular 
veins  were  seen.  On  January  the  25th,  1906,  a  trace  of  albumen  was  found 
in  the  urine  ;  the  pulse  remained  slow.  On  February  the  5th  the  rate  was 
63,  the  beats  being  regular.  For  the  next  four  Aveeks  it  varied  between 
48  and  80.  By  March  the  15th,  1906,  the  pulse  rate  was  normal  and  active 
work  was  resumed  in  May. 

The  patient's  condition  remained  satisfactory  till  October,  1907,  when 
the  pulse  again  fell  to  40  and  continued  at  or  about  this  rate  until  May,  1908. 
Most  of  this  period  was  spent  in  bed  or  indoors.  Albuminurea  was  present 
at  this  time.     There  had  be^n  no  further  attacks  of  vertigo. 

*  Working  under  the  tenure  of  a  Beit  Memorial  Fellowship. 

t  For  these  notes  we  are  indebted  to  Dr.  ilcDade  and  to  liis  Lancet  report. 
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From  May  to  November,  1908,  the  ])ulse  was  normal  and  the  albiiminurea 
vanished,  work  being  resumed.  In  November,  1908,  the  pulse  rate  fell  to 
37  and  continued  at  or  about  the  rate  of  34  until  death  occurred  in  April, 
1911.  The  albuminurea  also  reappeared  and  was  maintained  ;  moreover 
the  feet  and  legs  became  swollen  and  this  condition  persisted.  At  this  time 
the  systolic  blood  pressure  was  measured  at  220  mm.  Hg.. 

On  October  the  22nd,  1910,  a  cough  developed  and  strained  him  a  good 
deal  ;  and  a  few  days  later  he  had  a  fit  of  unconsciousness  accompanied  by 
lividity. 

From  January  to  March,  1911,  feebleness  increased.  Oedema  of  the 
ankles  and  albuminurea  were  continuously  present. 

On  March  the  24th  he  came  to  University  College  Hospital  Medical 
School.  The  curves,  which  are  reproduced  (Fig.  1)  demonstrated  complete 
heart-block  ;  the  auricular  rate  wrs  88  and  the  ventricular  34.  The  shape 
of  the  ventricular  complexes  in  the  three  leads  was  such  as  is  said  to  indicate 
hypertrophy  of  the  left  ventricle.  At  this  time  there  was  a  good  deal  of 
breathlessness.  With  the  exception  of  a  systolic  apical  murmur,  the  sounds 
were  normal. 

In  the  morning  of  April  the  5th,  1911,  he  complained  of  "  stupid  feelings  " 
in  the  head  ;   in  the  afternoon  he  became  gradually  comatose  and  died. 

The  post-mortem,  which  was  performed  by  Dr.  McDade,  was  limited  to 
the  heart  and  aorta.  The  latter  were  very  atheromatous.  The  heart  was 
fixed  in  Miiller-Formol,  as  described  in  previous  communications. 

Macroscojnc  anatomy  of  the  heart. 

The  ventricle  measures  13  cm.  anteriorly  from  the  A-  V  groove  to  the 
apex  and  11-5  cm.  posteriorly.     Its  weight  is  732  grammes. 

On  the  surface  of  the  heart,  more  especially  over  the  right  ventricle, 
there  is  a  layer  of  more  than  the  normal  amount  of  fatty  tissue.  The 
pericardium  in  numerous  places  is  thicker  and  whiter  than  normal.  The 
right  auricle  is  dilated  a  little  and  the  endocardium  is  opaque.  The  taenia 
terminalis  is  not  hypertrophied.  The  tricuspid  valve  admits  four  fingers 
easily  ;  its  edges  are  thickened.  The  cavity  of  the  right  ventricle  is  not 
enlarged.  The  muscle  breaks  easily  under  the  finger.  There  are  no  ante- 
mortem  dots  in  any  of  the  chambers.  Its  wall  measures  6  mm.  at  the  base, 
and  6  mm.  at  the  conns  arteriosus.  The  corpora  Arantii  of  the  pulmonary 
valve  are  sHghtly  thickened.  The  left  auricle  is  considerably  dilated  ; 
its  endocardium  is  white,  thick  and  smooth.  The  mitral  valve  admits  three 
fingers  in  line.  The  edges  are  thick  like  those  of  the  tricuspid  valve.  The 
aortic  flap  of  the  mitral  valve  shows  advanced  atheroma.  The  cavity  of  the 
left  ventricle  is  slightly  dilated,  the  dilatation  being  most  prominent  below 
the  aorta  in  the  outflow  tract.  The  wall  at  the  venous  base  measures  15  mm., 
at  the  level  of  the  papillary  muscles  it  measures  16  mm.,  and  at  the  apex 
10   mm.     The   trabeculse    are   flattened.     The   endocardium    over   them    is 
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smooth  and  thin,  but  that  covering  the  membranous  septum  and  the 
adjoining  areas  is  very  thick  and  firm.  The  corpora  Arantii  of  the  aortic 
cusps  are  thick  and  at  their  attached  margins  their  density  is  cartilaginous  ; 
they  were  shghtly  incompetent  in  the  fresh  state.  The  anterior  sinus  of 
Valsalva,  the  hne  of  attachment  of  the  aortic  cusp,  is  calcareous.  The 
other  sinuses  of  Valsalva  present  an  advanced  athero-sclerosis.  Advanced 
athero-sclerosis  is  also  found  in  the  coronary  arteries.  The  descending 
branch  of  the  left  coronary  artery  shows  a  calcareous  placjue  near  its  origin,  and 
also  farther  along  in  the  course  of  the  vessel.  Similar  changes  are  found  in 
the  right  coronary  vessel.  The  lesions  do  not  constrict  the  lumen  of  these 
vessels.  There  is  no  lesion  at  or  near  the  septum  membranaceum  to  indicate 
that  the  ..4-  V  system  has  been  compromised.  The  foramen  ovale  is  closed. 
Tissues  w^ere  excised  for  microscopic  examination  : — (1)  Two  pieces  of  the 
wall  of  the  left  ventricle.  (2)  a  block  of  tissue  at  the  junction  of  the  superior 
vena  cava  and  the  right  auricular  appendix,  containing  the  sino-auricular 
node,  (3)  a  block  of  tissue  from  the  interventricular  septum,  containing  the 
A-  V  node,  main  stem  and  the  upper  portions  of  the  right  and  left  branches  of 
the  A-V  bundle. 

Microscopic  examination. 

Pieces  of  tissue  from  the  left  ventricle  show  many  connective  tissue 
scars,  in  which  the  muscle  fibres  are  either  atroi^hic  or  destroyed. 

Sino-auricular  node. — This  node  is  found  in  2,140  sections.  Of  these 
1,000  were  cut  8  micra  and  1,140  were  9  micra  thick.  The  total  length  of 
this  node  is  therefore  18,260  micra  or  18-26  mm..  It  lies  2  mm.  from  the 
pericardium.  At  the  point  where  it  is  first  seen,  the  superior  vena  cava 
has  already  joined  the  right  auricular  appendix,  so  that  it  begins  below  the 
level  of  the  angle  of  this  junction.  Actually  the  superior  vena  cava  still 
shows  its  complete  lumen  and  it  has  not  yet  widened  out  into  the  cavity 
of  the  right  auricle.  The  node  therefore  does  not  lie  in  the  wall  of  the 
superior  vena  cava.  In  the  upper  jjortions  it  consists  of  Httle  more  than 
loose-meshed  connective  tissue  which  contains  about  a  half-dozen  thin  and 
somewhat  elongated  muscle  fibres.  It  is  completelv surrounded  bvfattv  tissue. 
Large  nerve  trunks  and  a  small  vessel  He  in  its  immediate  neighbourhood. 
At  a  slightly  lower  level  the  node  lies  1-5  mm.  from  the  pericardium,  measures 
2-5  mm.  from  side  to  side,  and  extends  for  1-5  mm.  into  the  substance  of  the 
auricular  wall.  Its  shape  is  roughly  triangular.  The  pericardium  over  the 
node  is  thick.  The  size  of  the  artery  to  the  node  has  increased  ;  the 
adventitia  is  hypertroijhied.  The  various  structures  ^hich  form  the  node 
dift'er  from  the  description  usually  given,  because  there  is  very  httle  interlace- 
ment. Its  muscle  fibres  sometimes  contain  vacuoles.  At  a  still  lower  level, 
the  vessels  to  the  node,  both  artery  and  vein,  are  prominent  and  occupy 
the  greater  portion  of  its  structure.  Its  position,  size  and  shape  remain 
unchanged.  At  its  upper  extremity  it  is  almost  completely  surrounded  by 
fatty  tissue  so  that  it  has  an  island-Hke  appearance.     Farther  down  the 
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shape  becomes  more  definitely  triangular  ;  it  lies  2-5  mm.  from  the  peri- 
cardium and  measures  2-5  mm.  from  side  to  side,  and  is  3  mm.  deep.  The 
apex  of  this  roughly  triangular  structure  communicates  freely  with  the 
auricular  muscle.  At  a  still  lower  level,  the  node  is  flatter  and  longer,  the 
long  diameter  being  parallel  to  the  pericardium  ;  it  is  1  mm.  deep  and  lies 
only  1-5  mm.  from  the  pericardium.  The  tail,  the  lowest  level  of  the 
node,  is  about  2  mm.  from  the  pericardium  and  measures  1-5  mm.  by  1-5 
mm.  ;   its  shape  is  triangular  as  in  the  upper  levels. 

To  sum  up,  the  node  is  almost  2  cm.  in  length  in  the  fixed  state.  It 
lies  close  under  the  pericardium  through  its  whole  extent.  It  is  first  seen 
at  the  angle  where  the  superior  vena  cava  joins  the  right  auricular  appendix, 
but  it  does  not  extend  so  high  as  to  lie  in  the  wall  of  the  superior  vena  cava. 
Its  shape  above  is  first  roughly  triangular,  but  at  lower  levels  it  is  flattened 
and  elongated,  while  the  tail  is  again  triangular.  The  node  is  peculiar  in  that 
the  amount  of  contained  muscle  tissue  is  small  relative  to  the  size  of  the 
entire  structure  and  that  the  fibres  interlace  very  little.  There  is  a  good 
deal  of  connective  tissue,  but  the  amount  is  within  the  limits  of  normal 
variation.  It  is  also  peculiar  because  it  is  isolated  in  so  large  a  j^art  of  its 
length  by  fatty  tissue.  A  feature  of  the  artery  to  the  node  which  is  commented 
on  by  Oppenheimer  is  shown  in  this  case.  It  consists  of  the  presence  of  small 
bundles  of  muscle,  arranged  in  longitudinal  fashion,  outside  the  inner  circular 
layer  of  the  media.  The  arrangement  is  similar  to  that  seen  in  the  central 
veins  of  the  suprarenal  gland. 

The  auricular  and  ventricular  septa. — The  cross  section  of  the  inter- 
auricular  septum,  the  plane  of  the  section  being  at  right  angles  to  the  long 
axis  of  the  heart,  shows  an  unusual  preponderance  of  fatty  and  connective 
tissues,  over  the  muscle,  which  usually  forms  its  substance.  This  change 
in  relation  is  more  apparent  in  the  dorsal  portions.  In  the  interventricular 
septum  numerous  scars  formed  of  dense  connective  tissue,  some  of  which 
have  undergone  hyaline  degeneration,  are  seen  at  all  levels.  In  these 
scars,  the  muscle  tissue  is  either  atrophic  or  destroyed.  The  muscle  fibres 
which  form  the  interauricular  septum  vary  a  great  deal  in  their  diameter. 
Their  nuclei  are  different  in  size  and  the  perinuclear  space  is  wide  and  free 
from  muscle  fibrils,  so  that  the  general  appearance  of  the  fibres  suggests 
that  of  Purkinje  cells.  These  fibres  are  neither  grouped  nor  arranged  in  a 
specific  order,  so  that  it  is  imjjossible  to  attribute  a  separate  function  to 
them,  as  has  been  done.  They  represent  a  variety  of  muscle  atrophy.  The 
vessels  of  the  septum,  more  especially  the  posterior  coronary  artery,  show 
an  advanced  grade  of  athero-sclerosis.  Advanced  sclerosis  is  also  seen  at  the 
root  of  the  aorta,  more  especially  in  the  sinus  of  Valsalva  of  the  left  posterior 
flap.  In  the  corpus  Arantii  of  one  of  the  aortic  cus]Js,  cholestrin  crystal 
spaces  are  seen.     There  is  no  evidence  of  recent  inflammation. 

The  auriculo-ventricular  node  lies,  as  usual,  to  the  right  of  the  central 
fibrous  body,  it  is  very  small,  and  is  compressed  laterally.     It  communicates 
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with  the  auricular  muscle  (the  auriculo-nodal  junction)  by  means  of  a  well 
developed  strand  of  muscle  to  the  left,  but  by  a  much  attenuated  strand  to 
the  right.  In  the  upper  levels  the  relative  size  of  these  two  strands  is  the 
reverse  of  the  usual  condition,  but  lower  down  it  is  normal.  Between  the 
two  strands  a  mass  of  fatty  tissue  is  found,  continuous  with  the  fatty  tissue 
described  in  the  interauricular  septum.  The  auriculo-nodal  junction  and 
the  auriculo-ventricular  node  itself  are  smaller  than  normal.  The  node  is 
recognised  mainly  from  its  position.  The  fibres  do  not  interlace  in  the 
usual  fashion,  they  are  coarser  and  do  not  show  the  normal  number  of 
nuclei.  The  artery  commonly  found  in  relation  to  the  node  is  wanting. 
Xear  the  node,  however,  a  vessel  is  found,  the  structure  of  which,  in  contrast 
to  that  of  the  other  arteries  at  this  level,  is  normal.  Thus,  the  continuity  of 
the  muscle  structure  from  the  auricle  to  the  main  stem  of  the  A-  V  bundle, 
is  maintained  by  a  node  which  in  appearance  differs  little  from  the  auricular 
muscle.  At  the  transition  from  the  node  to  the  main  stem  of  the  auriculo- 
ventricular  bundle,  there  are  masses  of  dense  connective  tissue.  In  addition 
to  these  there  is  much  loose-meshed  connective  tissue  separating  the  indi^-idual 
muscle  fibres.  A  number  of  blood  sinuses  are  also  found.  They  consist 
of  a  single  layer  of  endothelial  cells  surrounded  by  walls  of  dense  connective 
tissue,  free  from  muscle.  They  occupy  a  considerable  portion  of  the  bundle, 
while  the  number  of  muscle  fibres  is  very  much  reduced.  After  a  short 
course  in  the  membranous  septum,  the  main  stem  lies  under  the  endocardium 
of  the  left  ventricle.  A  portion  of  the  fibres  now  passes  dorsally  and  hes 
between  the  endocardium  of  the  left  ventricle  and  the  lowermost  portion 
of  the  central  fibrous  body.  This  branch,  thin  and  small  at  its  origin, 
spreads  out  later  under  the  endocardium  and  comprises  the  left  branch.  At 
a  lower  level  the  mass  of  tissue  forming  it  becomes  greater.  Compared  with 
the  left  branch,  the  right  branch  is  large,  although  the  number  of  muscle 
fibres  contained  in  it  is  relatively  small.  The  pathological  change, 
consisting  of  the  old  connective  tissue  and  blood  sinuses  described  in  the 
main  stem,  is  continued  in  the  right  branch  to  the  lowest  level  examined. 
Here  few  muscle  fibres  are  seen  in  it  and  the  entire  structure  is  very  small. 
At  this  level  the  left  branch  is  well  developed  and  presents  no  abnormaUty. 
The  smooth  muscle  fibres,  which  are  described  by  Nagayo  and  which  are 
found  in  the  endocardium  of  the  left  ventricle  and  between  it  and  the  A-  V 
system  which  lies  in  the  outflow  tract,  is  well  developed.  The  fibres  of  the 
left  branch  show  vacuoles.  The  difference  in  colour  between  the  muscle  of 
the  conducting  system  and  the  myocardium  is  w  ell  seen  in  this  case. 

To  sum  up,  in  the  conducting  system  of  this  heart  the  auricular  nodal 
junction  is  smaller  than  usual.  The  auriculo-ventricular  node  is  flattened 
and  small  and  it  is  not  characteristic  either  in  the  arrangement  of  its  muscle 
or  in  the  nature  of  its  fibres.  The  main  stem  and  the  right  branch  show- 
conspicuous  pathological  lesions.  The  lower  portions  of  the  right  branch 
show  that  this  structure  is  partially  atrophic.  The  left  branch  is  small 
above  and  larger  below  ;  it  presents  no  serious  lesion.     A  complete  transverse 
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lesion  is  therefore  absent.  The  area  of  the  muscle  in  the  bundle,  seen  in  the 
cross  section,  is  seriously  reduced  by  connective  tissue  formation  and  by 
the  presence  of  the  sinuses  described.  There  is  no  evidence  of  an  acute  or 
subacute  process.     The  lesions  are  manifestly  chronic. 

Summary. 

A  case  of  Adams-Stokes'  syndrome  is  described  in  which  bradycardia 
occured  from  time  to  time  for  nearly  six  years.  An  electrocardiographic 
examination  thirteen  days  before  death  revealed  complete  heart-block. 
The  patient  died  comatose  ;  old  inflammatory  lesions  were  found  which 
seriously  compromised  but  did  not  completely  divide  the  main  stem  and 
right  branch  of  the  auriculo-ventricular  bundle. 
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AURICULAR    FIBRILLATION    AND    COMPLETE    HEART-BLOCK. 
A   DESCRIPTION    OF   A   CASE    OF    ADAMS-STOKES'    SYNDROME, 
INCLUDING    THE    POST-MORTEM    EXAMINATION. 

By  ALFRED  E.  COHN 

{From  the    Hospital  of  the   Rockefeller   Institute  for  Medical   Research), 

AND 

THOMAS  LEWIS* 

{Frow  the  Cardiographic    Department,    University  College   Hospital    Medical 

School). 

Clinical  observations. 

The  history  and  the  condition  of  the  patient  who  forms  the  subject  of  this 
communication  has  been  described  in  three  previous  articles.  The  original 
account  is  to  be  found  in  Mackenzie's  paper.^  More  detailed  accounts  have 
been  published  by  Lewis  and  Mack,^  and  by  Lewis. ^ 

It  may  be  well  briefly  to  recapitulate  these  reports. 

M.  M.  was  born  in  1865  ;  he  contracted  syphilis  in  1887.  In  1804,  he 
had  his  first  attack  of  syncope  and  had  suffered  from  more  or  less  prolonged 
attacks  of  loss  of  consciousness,  sometimes  accompanied  by  convulsions, 
up  to  the  time  when  he  was  first  examined.  The  first  record  of  slow  pulse 
rate  dates  from  1906,  but  his  detailed  history  leaves  little  doubt  that  it  had 
been  present  for  a  longer  period. 

He  was  seen  by  Dr.  Mackenzie  in  November,  1008,  when  the  first  tracings 
were  taken,  and  his  pulse  rate  was  then  about  30  to  the  minute.  He  was 
under  continuous  observation  from  this  time  until  the  date  of  his  death  and 
was  an  inmate  of  a  very  large  number  of  hospitals  and  infirmaries  in  London. 
The  condition  of  the  heart  during  the  whole  of  the  three  years  was  almost 
constant.  The  ventricle  generally  beat  quite  regularly,  at  a  rate  of  about 
32  beats  per  minute,  though  from  time  to  time  the  rhythm  was  disturbed 
by  premature  ventricular  contractions.  A  total  absence  of  any  sign  of  co- 
ordinate auricular  contraction  throughout,  and  the  replacement  of  these 
signs  by  those  which,  as  we  now  know,  characterise  fibrillation  of  the  auricle 
was  a  remarkable  feature  of  the  case. 

The  diagnostic  features  as  they  were  summed  up  in  the  last  report  are 
as  follows  : — 

1.      The  evidence  of  complete  heart-block. 
A.    A  history  of  syphilis. 

*  Working  under  the  tenure  uf  a   Beit  Memorial  Research  Fellowship. 
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B.  The  occurrence  of  fits  accompanied  by  cessation  of  the  ventricular 
action. 

c.  The  persistence  of  a  slow  ventricular  action  in  the  intervals, 
at  rates  known  to  be  characteristic  of  an  independent 
ventricular  rhythm. 

D.  The  absence  of  compensatory  pause  after  the  premature 
ventricular  beats. 

2.     The  evidence  of  auricular  fibrillation. 

A.  The   complete   absence   of  a   waves   in   the   jugular  curves   in 

scores  of  observations. 

B.  The  complete  absence  of  P  variations  in  the  electrocardiograms 

(Fig.  4). 

c.  The  presence  of  the  characteristic  oscillations  of  auricular 
fibrillation  in  the  electrocardiograms  (Fig.  4)*;  and,  as  may 
be  now  added,  the  occasional  presence  of  rapid  undulations 
in  the  venous  curves  during  the  diastoles. 

D.  The  determination  that  the  electric  oscillations  were  maximal 
when  leads  were  taken  directly  from  the  chest  wall,  the 
electrodes  being  fixed  in  the  vicinity  of  the  right  auricle. 

It  was  upon  this  evidence  that  the  conclusion  was  based  that  the  two 
conditions,  heart-block  and  auricular  fibrillation  were  present  in  one  and  the 
same  patient. 

In  regard  to  the  general  course  of  the  patient's  illness  between  1908  and 
1911,  it  is  only  necessary  to  state  that  apart  from  slow  and  progressive 
weakening,  there  was  no  change,  and  that  abundant  records  of  the  pulse  and 
venous  curve  were  taken  in  Dr.  Mackenzie's  clinic  up  till  the  day  preceding 
death. 

The  nature  of  the  terminal  fits. 

The  fits  observed  during  the  last  days  of  the  patient's  illness  were  not 
dissimilar  to  those  previously  recorded,  with  the  exception  that  no  movements 
of  the  veins  of  the  neck  were  seen  during  the  long  periods  of  asystole  which 
accompanied  them.  They  have  been  described  for  us  by  Dr.  Silberberg  to 
whom  we  are  indebted  for  the  following  observations. 

"  The  attacks  of  unconsciousness  and  the  mild  convulsions  commenced 
at  5  o'clock  on  the  morning  of  July  the  6th,  1911.  They  ceased  at  9  a.m., 
but  returned  at  11  a.m.,  and  continued  at  short  intervals  till  1  p.m.  .  Between 
1  p.m.  and  2.30  p.m.  he  was  free  from  them.  From  this  hour  until  death 
occurred  (the  morning  of  the  8th)  there  was  a  similar  repetition  of  relapse 
and   recovery." 

*  For  the  figures,  reference  should  be  made  to  the  original  descriptions. 
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"  The  attacks  were  of  varying  duration  ;  lasting  for  a  few  seconds  to 
twenty  or  thirty  seconds.  They  were  accompanied,  one  and  all,  by  a  lapse  of 
the  ventricular  beats,  readily  observed  at  the  prominent  apex  beat.  The  onset 
of  unconsciousness  was  gradual,  and  the  patient  was  aware  of  the  impending 
attack,  being  conscious  that  his  heart  has  temporarily  ceased  to  beat.  He 
became  restless  ;  he  groaned  and  uttered  words  of  complaint.  In  a  few 
seconds  he  could  not  be  roused,  the  eyes  rolled  upwards  and  deviated  to  the 
right  ;  the  pupils  dilated  fully,  and  the  corneal  reflex  \s  as  lost.  Cyanosis  of 
the  face,  already  present,  deepened  to  lividity  ;  the  breathing  became 
stertorous  and  air  was  sucked  in  vigorously,  his  cheeks  sinking  deeply  between 
his  edentulous  gums.  Much  flatus  was  passed.  After  twenty  seconds  of 
unconsciousness,  epileptiform  manifestations  appeared  ;  the  convulsions 
started  in  the  face,  the  arms  became  rigid  and  spasmodic  flexor  movements 
appeared.  The  lower  limbs  showed  no  convulsive  movements.  A  single 
beat  of  the  heart,  during  the  fit,  lightened  the  degree  of  unconsciousness, 
two  or  three  beats  brought  him  to  a  dazed  condition  and,  after  a  few  more 
beats,  he  rapidly  recovered,  conversing  rationally,  though  necessarily  showing 
exhaustion.  The  first  beat  of  the  recovery  was  usually  a  weak  one,  the 
ensuing  beats  were  more  forcible.  During  the  periods  of  comparative 
lucidity  he  complained  of  aching  and  sore  feelings  all  over,  more  especially 
in  the  limbs.  He  Avas  too  feeble  and  exhausted  to  move.  Pain,  relieved 
by  eructation,  was  present  over  the  upper  abdomen.  On  several  occasions 
he  vomited  a  pint  or  more  of  greenish  fluid,  an  incident  which  seemed  to 
afford  relief.' 

The  patient  died  in  a  fit  on  the  morning  of  July  the  8th.  He  became 
suddenly  and  deeply  cyanosed,  the  face  and  arms  showed  the  usual  convulsive 
movements,  but  he  failed  to  recover  from  the  attack. 

During  the  period  of  "  status  epilepticus,"'  continuous  tracings  were 
taken  by  Dr.  Silberberg  from  the  apex  beat.  The  rigidity  of  the  arms  and 
neck  rendered  further  graphic  record  impossible  ;  the  ventricular  pulsations 
were  the  only  prominent  movements.  The  whole  length  of  a  long  curve  of 
21  minutes  duration  is  included  in  the  accompanying  diagram  (Fig.  1),  in 
which  each  beat  has  been  accurately  placed  ;  (the  error  is  nowhere  greater 
than  one-twentieth  of  a  second).  The  rate  at  any  point  maybe  calculated  from 
the  vertical  lines  which  are  separated  by  two-second  intervals.  Two  strijDS 
of  the  actual  curve  are  published  as  examples  of  the  observations  (Fig.  2 
and  3). 

The  events  Mhich  are  portrayed  in  this  diagram  are  of  very  considerable 
interest.  The  usual  rate  of  the  rhythm  of  the  ventricle  for  this  patient 
was  32  per  minute.  This  rhythm  appears  from  time  to  time  in  the  chart, 
and  the  rate  is  either  30  per  minute  or  somewhat  less,  namely  27  ;  thus  it  is 
seen  over  the  whole  of  the  fines,  h,  j,  k,  I,  and  7n,  and  over  the  greater  part 
of  line  e.  The  rhythm  is  not  quite  regular,  for  premature  beats  appear  from 
time  to  time.  These  beats  are  separated  from  those  which  precede  them  by 
a  second  or  a  little  more  or  less  ;   occasionally  two  or  three  premature  beats 
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succeed  each  other  (hne  /  and  hue  d  directly  after  the  pause),  each  following 
at  about  the  same  interval.  From  time  to  time  they  recur  so  frequently 
as  to  form  a  new  rhythm,  varying  in  rate  from  60-80  per  minute.  It  is  the 
relation  of  these  relative  tachycardias  to  the  periods  of  asystole  which  is  so 
imjiortant.  The  tachycardia,  exceiit  irhere  it  is  of  brief  duration,  as  in  line 
"  e,"  is  invariably  followed  by  a  'prolonged  pause  ;  and  none  of  the  prolonged 
pauses  of  the  curve  occur  except  immediately  at  the  termination  of  a  period  of 
relative  tachycardia. 
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Fig.  1.  A  diagram  compiled  from  a  continuous  curve  of  the  apex  beat,  the  duration  of  which 
was  21  minutes.  The  diagram  reads  from  left  to  right,  following  consecutive  lines.  Each 
beat  of  the  original  curve  has  been  charted  on  a  large  scale  and  the  chart  has  been  reduced 
subsequently  photographically.  The  vertical  lines  are  placed  at  two -second  intervals. 
Two  pieces  of  the  original  curve  are  reproduced  in  Fig.  2  and  3  ;  the  corresponding  portions 
of  the  diagram  are  marked  by  means  of  heavy  horizontal  lines  drawn  beneath  them.  The 
relation  of  the  (relative)  tachycardial  periods  to  the  long  asystolic  intervals  is  very  clearly 
shown. 

The  meaning  of  this  phenomenon  is  quite  clear.  We  have  a  clinical 
repetition  of  a  phenomenon  which  has  been  studied  experimentally  and  in 
detail  by  Erlanger  and  Hirschf elder. ^  When  a  slow  ventricular  rhythm  is 
developed  as  a  result  of  bundle  section  and  a  new  and  intermitting  rhythm 
of  faster  rate  is  established,  the  new  rhythm  takes  precedence  to  the  old,  and 
the  latter  passes  into  a  condition  of  temporary  abeyance.  The  cessation  of  the 
new  rhythm  is  marked  by  a  period  during  which  physiological  impulse 
formation  in  the  ventricle  is  dormant  and  its  awakening  is  gradual  ;  hence 
the  long  pause  which  follows  the  ending  of  the  new  rhythm.  The  nature 
of  the  fits,  and  the  underlying  cause  in  this  patient,  is  consequently  apparent. 
The  long  asystole  or  "  stoppage  "  as  Erlanger  has  termed  it,  is  brought  about 
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by  an  interference  with  the  natural 
jjroduction  of  the  idio-ventricular 
rhythm,  as  a  result  of  the  successive 
appearance  of  premature  beats.  In 
experiment  the  longest  pause  is  generally 
followed  by  other  pauses,  which,  though 
considerably  longer  than  those  which 
separate  the  beats  of  an  established 
rhythm,  are  shorter  than  those  which 
precede  them.  The  same  events  are 
seen  in  this  clinical  case,  though  they 
are  more  irregular  than  are  the 
experimental  instances. 

Post-mortem  examination. 

The  post-mortem  was  carried  out 
by  one  of  us  at  Mount  Vernon  Hospital 
on  the  8th  of  JuJy,  1911,  a  few  hours 
after  death.  The  body  was  that  of  a 
well  developed  and  well  nourished  in- 
dividual. Rigor  mortis  was  present. 
There  was  slight  oedema  of  the  ankles. 
The  conjunctivae  and  skin  had  a 
yellowish  tinge.  An  old  and  dense 
scar,  4  cm.  in  diameter,  was  noted 
above  the  right  knee.  Four  other  scars, 
each  about  2  cm.  in  diameter  and 
having  a  somewhat  serrated  margin,  lay 
together  over  the  left  iliac  crest.  The 
external  and  internal  jugular  veins  were 
a  little  dilated.  The  costal  cartilages 
were  not  calcified. 

Macroscopic  examination . 

The  tonsils  were  fibrosed.  The 
tongue  and  palate  were  normal.  The 
mucous  membranes  of  the  larynx  was 
yellow  and  thickened  and  showed  some 
suj)erficial  petechise.  The  trachea  con- 
tained a  Httle  frothy  and  bloodstained 
mucus.  There  were  a  number  •  of 
dilated  veins  at  the  cardiac  end  of  the 
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oesophagus.  The  stomach  was  more  dilated  than  normal  and  its  mucous 
membrane  was  deeply  congested.  The  intestines  and  colon  were  not 
distended.     The  mucous  membrane  was  injected. 

The  pleurae.  On  the  right  side,  a  transverse  shelf  of  very  strong 
adhesions,  between  diaphragm  and  parietal  pleura,  isolated  the  lower  12  cm. 
of  the  cavity.  The  lung  lay  entirely  above  it,  but  the  space  communicated 
with  the  main  cavity  by  a  small  aperture  in  front.  Isolated,  thin  but  strong 
adhesions  united  the  lung  and  parietal  pleura  ;  they  were  thicker  and  more 
numerous  at  the  apex  and  along  the  posterior  margin.  No  fluid  was  found 
in  the  sac.  On  the  left  side  and  on  a  level  with  the  heart,  the  lung  was  not 
visible  from  the  front.  The  whole  pleural  space  was  obliterated  by  soft, 
spongy  adhesions  resembling  connective  tissue. 

The  pericardium.  The  pericardium  was  bound  to  the  two  pleural 
membranes,  and  to  the  chest  wall  in  front,  by  soft  adhesions  of  a  character 
similar  to  those  found  in  the  left  pleura.  When  fully  exposed  and  viewed 
from  the  front,  the  pericardial  sac  and  its  contents  filled  the  whole  of  the 
lower  portion  of  the  left  pleural  cavity.  At  the  level  of  the  fourth  interspace, 
the  right  margin  lay  7-5  cm.  from  the  middle  line.  At  the  level  of  the  sixth 
cartilage,  the  margin  lay  11-5  cm.  from  the  middle  line.  The  apex  lay  in  the 
anterior  axillary  line  in  the  sixth  interspace.  The  pericardial  cavity  was 
completely  obliterated  by  abundant  adhesions  ;  the  two  layers  were  fairly 
readily  separable.  The  adhesions  were  firmer  over  the  right  auricle,  and 
especially  along  the  line  of  the  sulcus  terminalis,  but  the  entire  surface  of  the 
pericardium  was  roughened  by  the  adhesions,  which  were  old  and  dense. 
From  the  A-  V  groove  to  the  aj^ex  along  the  anterior  interventricular 
groove,  the  ventricle  measured  16  cm.  A  similar  measurement  on  the  posterior 
surface  was  12-5  cm..  The  width  of  the  heart  along  the  posterior  ^4-  V  groove 
was  13  cm..  The  right  ventricle  occupied  the  greater  part  of  the  anterior  surface. 

The  heart.  The  heart  weighed  899  grammes.  The  surface  of  the  heart- 
presented  a  considerable  increase  of  fat  deposit.  The  fat  around  the  auriculo 
ventricular  groove  was  oedematous.  There  was  little  or  no  blood  in  the 
ventricles,  but  there  was  an  excess  of  it  in  the  great  veins  and  auricles.  The 
right  auricle  showed  extreme  dilatation,  more  especially  the  right  auricular 
appendix.  The  cavity  was  about  the  size  of  a  closed  man's  fist.  The 
tceriia  terminalis  in  its  upper  extremity  was  hypertrophied,  as  were  also  the 
musculi  pectinati,  but  the  posterior  wall  of  the  right  auricle  was  very  thin. 
The  endocardium  was  whiter  than  normal  and  seemed  to  be  esjjecially 
thickened  below  the  orifice  of  the  coronary  sinus. 

The  tricuspid  ring  measured  13  cm.  in  circumference  and  readily 
admitted  four  fingers  in  line.  The  edges  of  the  valve  were  slightly  thickened 
but  not  hardened,  and  apart  from  slight  matting  together,  showed  no 
abnormality. 

The  right  ventricle  was  slightly  dilated.  Its  walls  and  trabeculse  were 
hypertrophied.  The  muscle  was  brown,  soft,  coarse  and  friable.  The  wall 
measured  9  mm.  at  the  base  at  the  right  border,  4  mm.  at  the  apex,  and  6  mm. 
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at  the  conus  arteriosus.  On  the  trabeculae  and  more  especially  at  their 
origins  and  points  of  division  there  were  irregulariy  shajDed  oval  and  hnear 
thickenings  of  the  endocardium.  They  weve  cream  coloured,  dense  in 
consistency  and  circumscribed.  These  were  elevated  as  much  as  2  mm. 
above  the  surrounding  surface  and  were  from  1  to  2-5  cm.  in  length.  On 
the  endocardium  of  the  conus  arteriosus,  15  mm.  from  the  pulmonary  valve 
there  were  areas  of  a  similar  nature  but  more  extensive,  one  measuring  20 
and  another  25  mm.  in  length.  Their  outhne  was  very  irregular.  The  cusps 
of  the  pulmonary  valve  ^\  ere  fenestrated  and  the  corpora-Arantii  were 
slightly  thickened. 

The  left  auricular  appendix  was  bound  down  by  adhesions  and  was 
noticeably  smaller  than  the  right.  It  measured  3-8  cm.  as  opposed  to  8  cm. 
for  the  right,  the  measurement  being  made  from  the  middle  of  the  taenia 
terminalis  to  its  apex.  The  wall  of  the  auricle  was  dilated  and  moderately 
hypertrophied  ;  it  measured  6  mm..  The  endocardium  was  white  and  thick, 
but  smooth.  The  mitral  ring  admitted  three  fingers  in  hne.  The  edges 
of  the  mitral  valve  were  thickened  and  smooth  and  not  hardened.  In  the 
attached  margins  there  were  no  calcareous  deposits. 

The  wall  of  the  left  ventricle  was  dilated  and  hypertrophied  and  measured 
17  mm.  at  the  base,  22  mm.  at  the  level  of  the  papillary  muscles  and  9  mm.  at 
the  apex.  The  outflow  tract  below  the  root  of  the  aorta  was  dilated.  The 
wall  of  the  left  ventricle  was  thin  at  the  left  border,  measuring  only  5  mm., 
4  cm.  above  the  apex.  On  this  portion  of  the  surface  of  the  heart,  the 
adhesions  were  very  dense.  The  main  branch  of  the  coronary  artery  to  this 
portion  of  the  heart  \\  as  not  occluded.  In  places  there  were  yellowish 
streaks  in  the  muscle.  Elsewhere  there  were  numerous  scars.  The  enlarged 
papillary  muscles  showed  white  subendothehal  nebulae.  The  endocardium 
was  smooth  on  the  whole,  but  moulded  on  the  trabeculae  and  also  at  their 
junctions,  cream  coloured  plaques  were  found  like  those  in  the  right  ventricle. 
They  were  more  numerous  on  the  left  side.  The  posterior  aspect  of  the 
posterior  papillary  muscle  was  entirely  encased  by  such  material.  In  the 
outflow  tract,  directly  under  the  anterior  portion  of  the  membranous  septum, 
a  similar  thickening  was  found,  elevated  2  mm.  above  the  level  of  the  endo- 
cardium, and  measuring  1x2  cm..  The  other  plaques  of  similar  nature 
varied  in  length  from  a  few  millimetres  to  several  centimetres.  Xo  calcareous 
deposits  could  be  felt  in  or  about  the  septum  membranaceum.  At  the  upper 
portion  of  the  left  ventricle,  at  the  level  of  the  A-  V  ring  and  at  the  right  half 
of  the  cavity  was  an  intracardial  aneurysm.  Its  exact  position  (Fig.  5), 
was  to  the  right  of  and  behind  the  junction  of  the  two  flaps  of  the  mitral 
valve  and  consequently  to  the  left  of  and  below  the  origin  of  the  aortic  valve, 
more  especially  its  right  posterior  cusp.  The  aneurysm  was  shaped  hke 
a  portion  of  a  sphere.  Its  diameter  was  33  mm..  The  posterior  wall  of  the 
aneurysm  was  formed  by  the  posterior  wall  of  the  ventricle,  and  its  level  was 
that  of  the  coronary  sinus.  The  coronary  sinus  was  compressed  from  before 
backwards  but  its  lumen  was  not  comiiromised,  while  the  branches  of  the 
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coronary  artery,  though  small,  were  not  occluded.  The  right  wall  of  the 
aneurysm  was  formed  by  the  sejDtum  between  the  left  ventricle  and  right 
auricle  and  corresponded  in  part  to  the  insertion  of  ths  mesial  flap  of  the 
tricuspid  valve.  The  wall  of  the  aneurysm  was  calcareous  but  smooth  and 
showed  no  thrombi.  Pressure  in  the  aneurysm  was  directed  backwards, 
upwards  and  to  the  right  and  was  exerted  on  the  end  and  the  opening  of  the 
coronary  sinus,  and  also  on  the  septum  between  the  two  sides  of  the  heart  so 
that  this  was  protruded  into  the  cavity  of  the  right  auricle  (see  Fig.  5).  The 
involved  area  corresponded,  when  seen  from  the  right  auricle,  to  the 
wall  lying  between  the  opening  of  the  coronary  sinus  and  the  septum 
membranaceum.  It  is  just  in  this  situation  that  the  auriculo-ventricular 
node  and  the  beginning  of  conduction  system  is  usually  found.  It  was 
presumed  that  the  aneurysm  might  have  damaged  these  structures. 
Examination  of  Fig.  8  will  show  that  this  was  not  the  case. 

The  lunulse  of  the  aortic  valve  were  thickened  and  so  were  the  corpora 
Arantii,  but  the  valve  presented  no  other  abnormality.  There  was  some 
atheroma  in  the  sinuses  of  the  Valsalva.  Atheroma  and  athero-sclerotic 
patches  were  found  along  the  course  of  the  coronary  arteries.  These  did 
not  seriously  narrow  the  lumina  of  the  vessels  anywhere.  The  foramen 
ovale  was  closed. 

The  arteries.  The  pulmonary  artery  showed  occasional  atheromatous 
patches  and  A\as  pinkish-yellow  in  colour.  The  thoracic  aorta  Avas  bile- 
stained,  the  endothelium  seemed  to  be  a  little  oedematous  and  there  were 
scattered  patches  of  atheroma.  The  abdominal  aorta  was  extensively 
degenerated.  Atheroma  was  advanced  ;  oedema  and  ulceration  were 
present.  The  coronary  arteries  presented  little  thickening  ;  the  coronary 
sinus  and  the  cavities  of  the  heart  were  free  of  ante-mortem  clot. 

The  lungs.  The  right  lung  weighed  560  grammes,  the  left  525.  The 
tissue  was  deeply  pigmented,  emphysematous  and  a  little  oedematous. 
Otherwise  these  organs  were  normal.  The  bronchial  lymph  nodes  were 
black.     Neither  these  nor  the  mediastinal  nodes  were  enlarged  or  fibrosed. 

The  liver  weighed  1,236  grammes.  It  was  small  and  very  hard.  A 
number  of  firm,  isolated  adhesions  united  it  to  the  diaphragm.  The  surface 
was  irregular  and  showed  a  mild  degree  of  hobnailing.  One  or  two  large 
superficial  scars  were  present.  The  section  was  mottled  red  and  greenish- 
yellow.  The  red  areas  were  depressed.  Fine,  pink  trabeculae  of  fibrous 
tissue  were  clearly  visible  throughout  large  areas  of  the  organ.  The  tissue 
was  very  tough.  Glisson's  capsules  seemed  more  fibrous  than  usual.  The 
liver  appeared  to  be  fatty,  fibrous,  congested  and  somewhat  bile  stained. 
The  gall  bladder  was  small  and  the  wall  an  as  thick. 

The  spleen  weighed  640  grammes.  The  surface  was  adherent  to  the 
diaphragm  in  several  places.  A  number  of  small,  irregularly  shaped,  cream- 
white  masses  were  present  on  the  surface  and  projected  from  it.  The  organ 
retained  its  shape.  The  section  was  dark,  the  tissue  tough  ;  the  Malj)ighian 
capsules  were  not  prominent.  There  seemed  to  be  an  increase  of  fibrous  tissue. 
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The  pancreas  was  larger  than  normal  and  consisted  chiefly  of  mottled 
pink  and  yellow  areas,  in  w  liich  the  gland  substance  could  be  traced  only 
from  place  to  place. 

The  kidneys  weighed  176  and  192  grammes  resf)ectively.  The  capsules 
were  non-adherent.  Apart  from  the  conspicuousness  of  the  glomeruli  and 
slight  general  congestion  and  increased  firmness,  they  seemed  to  be  normal. 

The  supmrenals  appeared  to  be  normal.  The  cortex  Avas  dark  brown, 
and  the  medullary  substance  light  grey. 

The  testicles.  Both  tunicae  vaginales  contained  about  a  drachm  of 
yellow  fluid.  On  the  right  side  the  testicle  was  normal,  and  there  was  a 
varicocoele.      The  left  testicle  was  small  and  fibrosed. 

The  peritoneum  Avas  smooth.  There  was  about  a  half-pint  of  yellow 
fluid  in  the  cavity. 

The  brain.  The  calvarium  was  normal.  The  pia-arachnoid  membrane 
was  oedematous  ;  the  superficial  veins  were  congested.  The  basal  and 
cortical  arteries  were  normal.  The  brain  showed  no  abnormality  on  section. 
The  venous  sinuses  were  empty. 

The  vagus  and  sympathetic  nerves  presented  no  abnormality. 

Microscojnc  examination . 

All  the  pieces  excised  for  microscopic  examination  were  fixed  in  Miiller- 
formol  (9  :  1).  The  heart,  medulla  oblongata,  pons  and  vagus  nerves  were 
fixed  in  the  same  fluid.  The  technique  of  examination  of  the  heart  was  the 
same  as  that  used  and  already  described  in  this  Journal.^  On  account  of  the 
difficulty  which  would  have  been  experienced  in  cutting  sections  of  the 
septum  of  the  heart  with  the  aneurysm  in  place,  it  was  decided  to  shell 
out  this  structure.  This  proceeding  was  accomplished  successfully.  No 
incisions  a\  ere  necessary  ;  blunt  dissection  sufficed  to  enucleate  it  in  one 
piece.  The  description  given  below  (see  Fig.  5)  will  show  that  no  injury 
whatever  was  sustained  by  the  structures  of  interest  in  this  study.  The 
folloA\ing  tissues  were  excised  for  examination  : — 


(1 
(2 

(3 
(4 
(5 
(G 
{- 
(8 

(^> 
(10 


The  cavo-auricular  junction,  bearing  the  sino-auricular  node. 

A  portion  of  the  septum  between  the  two  halves  of  the  heart, 
bearing  the  auriculo-ventricular  node,  main  stem  and  branches. 

A  piece  of  the  left  ventricle. 

Four  pieces  of  the  aorta,  tA\o  thoracic  and  two  abdominal. 

Two  pieces  of  the  liver. 

A  piece  of  the  pancreas. 

A  piece  of  the  spleen. 

Two  pieces  of  the  kidne3\ 

The    medulla  oblongata  and  pons  Varolii. 

The  two  vagus  nerves. 
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The  cavo-auricular  junction,  hearing  the  sino  auricular  node.  A  piece  of  the 
superior  vena  cava  was  left  attached  so  that  Wenckebach's  bundle  could  be 
examined.  Apart  from  the  changes  which  occurred  in  the  cardiac  muscle 
fibres  in  this  case,  no  pathological  lesions  were  found.  The  amount  of 
connective  tissue  was  not  greater  than  elsewhere  and  there  was  no  evidence 
of  acute  inflammation.  The  muscle  fibres  throughout  those  portions  of  the 
heart  examined  were  much  larger  than  normal.  There  was  no  fragmentation 
of  the  muscle  and  no  granular  degeneration.  The  transverse  striation  was 
clear  and  the  nuclei  well  stained.  In  many  of  the  muscle  fibres  there  was  an 
unusually  large  space  about  the  nucleus  which  was  clear  of  muscle  fibrils, 
so  that  they  resembled  Purkinje  cells.  They  had  no  definite  arrangement, 
and  were  so  scattered  as  to  make  it  impossible  to  regard  them  as  forming  a 
system.  The  spaces  about  the  nuclei  contained  no  pigment.  The  nuclei 
themselves  varied  very  much  in  size  and  shape,  but  for  the  most  part  they 
were  much  larger  than  normal.  Their  margins  were  usually  irregular  and  the 
distribution  of  chromatin  was  uneven.  Here,  as  elsewhere  throughout  the 
heart,  connective  tissue  of  a  loose  areolar  nature  was  increased  between  the 
fibres  and  numerous  scars  of  connective  tissue  were  found.  The  smaller 
blood  vessels  were  abnormal.  The  adventitia  was  but  little  thickened  but 
there  was  thickening  of  the  muscle  of  the  media.  The  position  of  the  internal 
elastic  membrane  showed  an  increased  amount  of  connective  tissue  which 
sometimes  extended  into  the  intima.  In  a  few  places,  loose  connective 
tissue  was  seen  invading  the  media  from  the  adventitia.  Vacuoles  appeared 
frequently  in  the  muscle  fibres  of  the  vessels.  The  intima  was  hyperplastic 
in  many  places,  and  the  lumen  often  seriously  reduced  in  diameter.  A  few 
small  vessels  were  found  to  be  occluded  and  others  presented  but  a  slit-like 
channel.  The  elastic  tissue  throughout  the  heart  stained  poorly  or  not  at 
all,  and  was  in  marked  contrast  to  that  found  in  the  kidney  of  the  same  case, 
which  was  used  as  a  control. 

The  sino-auricular  node  was  seen  at  a  level  below  that  at  which  the 
cavo-auricular  junction  was  formed.  The  angle  of  junction  lay,  in  fact, 
3  mm.  above  the  upper  extremity  of  the  node.*  The  node  could  not  be  said 
to  lie  in  the  wall  of  the  superior  vena  cava.  At  the  anatomical  junction 
between  the  superior  vena  cava  and  the  auricle,  there  was  complete  separation 
of  the  muscular  systems  of  both  by  fat  and  by  some  connective  tissue.  It 
was  in  this  fatty  tissue  that  the  node  was  first  seen,  lying  much  nearer  the 
vena  cava  than  the  auricle  but  quite  separate  from  it.  From  its  upper 
extremity  to  its  end,  it  measured  21-55  mm.,  the  measurement  being  computed 
from  the  thickness  of  the  sections  multiplied  by  the  number  in  which  it  was 
found.  The  upper  extremity  of  the  node  lay,  as  has  been  said,  nearer  the 
superior  vena  cava,  while  a  little  lower  down  it  was  situated  nearer  the 
auricular  muscle.     It  was  found  close  to  the  pericardium  throughout,  except 

*  Koch^  has  shown  that  in  the  hearts  of  dogs,  an  extension  of  the  sino-auricular  node  reaches 
2  mm.  upward  on  the  w^all  of  the  superior  vena  cava,  but  that  the  node  can  be  recognised  0-75 
to  1  mm.  above  the  cavo-auricular  angle. 
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at  its  upper  extremity.  Here  it  was  3-5  mm.  from  tlie  surface,  but  a  little 
lower  (1-5  mm.),  it  was  lo  mm.  deep  and  maintained  this  depth  (0-75  to 
1-5  mm.)  throughout  its  extent.  The  shape  of  the  node  varied  constantly 
in  its  course.  In  its  highest  level  it  was  roughly  triangular,  the  apex  of  the 
triangle  pointing  toward  the  pericardium.  A  little  further  down,  the  node 
was  circular  (Fig.  6).  But  the  greater  portion  of  it  (66%)  had  an  elongated 
shape,  the  long  axis  in  cross  section  being  parallel  to  the  jDericardium 
(Fig.  7).  The  greatest  length  of  this  long  axis  was  o-o  mm.  and  its  widtli 
at  the  corresponding  level  varied  from  10  to  0-25  (See  Table  I). 

Table  I. 
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The  upper  third  of  the  node  was  entirely  destroyed  by  connective  tissue. 
This  was  dense  and  probably  old  (Fig.  6).  Fat  tissue  occupied  the  area 
at  the  sides  of  the  node,  between  it  and  the  pericardium,  and  was  also  found 
within  its  structure.  Except  in  one  or  two  places,  where  there  were  round 
cells,  there  was  no  evidence  of  a  recent  or  acute  inflammation.  Below  this 
level,  that  is,  in  the  lower  two  thirds,  muscle  tissue  appeared  in  the  node  and 
rapidly  increased  in  amount,  but  the  amount  of  connective  tissue  was  j^robably 
always  more  than  normal  (Fig.  7).  The  increasing  amount  of  muscle  tissue 
occurred  at  the  anterior  portion  of  the  node,  while  the  posterior  portion 
remained  quite  sclerosed.  The  node  was  at  almost  every  level  in  direct 
relation  with  nerve  trunks.  Ganglia  were  found,  as  were  also  nerves  which 
contained  ganglion  cells.  About  some  of  these  there  was  dense  connective 
tissue.  The  node  contained  an  artery  and  in  some  sections  two.  In  some 
parts  of  its  course,  the  artery  showed  a  distinct  endarteritis.  A  small  artery 
at  one  level  was  entirely  occluded  and  canalized. 

The  cmricnio-ventriadar  system.  A  block  of  tissue,  including  the 
interauricular  and  interventricular  septum,  was  excised.  The  upper  margin 
ran  parallel  with  the  upper  edges  of  the  aortic  cusps,  the  lower  margin  was 
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parallel  with  this,  two  to  three  centimetres  below  the  membranous  septum  ; 
the  anterior  margin  was  at  the  anterior  extremity  of  the  septum,  and  the 
posterior  margin  was  the  posterior  wall  of  the  heart  itself.  The  sections 
were  cut  parallel  with  the  upper  margin.  The  entire  site  of  the  aneurysm 
already  described  was  included  in  the  block.  The  bed  of  the  aneurysm 
was  found  to  be  a  connective  tissue  structure,  of  a  dense  fibrous  nature, 
which  looked  old.  In  a  few  places  near  the  wall  there  were  collections  of 
lymphocytes.  This  was  the  only  evidence  of  recent  or  acute  inflammation. 
The  bed  of  the  aneurysm,  Avhich  was  also  the  inter-auricular  septum  (see 
Fig.  5  and  8),  was  very  much  thinned,  convex  towards  the  right  auricle 
and  contained  no  muscular  tissue.  The  entire  septum  was  consequently 
converted  into  a  wall  composed  of  fibrous  tissue.  Examination  showed 
that  the  removal  of  the  calcareous  portion  of  the  aneurysmal  sac  had  involved 
the  loss  of  no  structure  necessary  for  this  study.  The  septum  contained 
no  muscular  structures  between  the  coronary  sinus  behind  and  the  central 
fibrous  body  in  front.  Muscle  fibres  survived  above  the  level  of  the  aneurysm 
rather  high  above  the  auriculo-ventricular  groove,  but  they  did  not  descend 
to  the  auriculo-ventricular  node.  There  was  consec[uently  no  connection 
between  the  auricular  muscle  and  the  node  ;  the  auriculo-nodal  junction 
did  not  exist.  Except  for  the  muscle  tissue  of  the  auriculo-ventricular 
system,  to  be  described  presently,  the  entire  interauricular  and  inter- 
ventricular septum  in  the  neighbourhood  of  the  aneurysm,  the  central 
fibrous  body  and  the  septum  membranaceum  were  replaced  by  dense  old 
connective  tissue,  poor  in  nuclei  ;  and  in  some  places,  notably  in  the  posterior 
wall  of  the  heart  and  at  the  root  of  the  aorta,  by  fatty  tissue.  That  portion 
of  the  interventricular  septum  in  which  the  upper  portions  of  the  right  and 
left  branches  of  the  conducting  system  are  usually  found,  was  also  replaced, 
for  2  cm.  anterior  to  the  membranous  septum,  by  connective  tissue  of  the 
kind  described.  ^Muscle  tissue  was  seen  only  in  the  lower  parts  of  the  block. 
In  the  sections  the  coronary  sinus  was  seen  to  be  compressed  from  before 
backwards.  That  wall  of  the  sinus  which  was  directed  toward  the  cavity 
of  the  auricle  contained  a  thick  layer  of  loose  connective  tissue.  The  cardiac 
muscle  tissue  in  this  situation  was  thinned  and  was  infiltrated  with  large 
amounts  of  dense  connective  tissue.  A  number  of  vessels  were  compressed 
and  showed  advanced  endarteritis  to  the  point  of  occlusion. 

The  auriculo-nodal  junction,  as  has  been  said,  did  not  exist.  The  node 
was,  however,  a  well  developed  structure  and  showed  the  familiar  interlacing 
arrangement.  It  followed  the  usual  appearance  of  this  structure  also  in  the 
number,  shape  and  size  of  the  nuclei,  the  fineness  of  the  fibres  and  the 
arrangement  of  the  fibrous  tissue.  It  was  a  normal  node.  At  one  portion 
a  few  small,  dense  masses  of  connective  tissue  were  present  but  they  did  not 
appear  sufficient  in  size  or  number  to  be  considered  pathological.  The  artery 
to  the  node  appeared  in  the  lower  regions  only.  Its  adventitia  was  thick 
and  there  was  much  connective  tissue  in  the  intima.  At  still  lower  levels  the 
lumen  was  contracted  on  account  of  endarteritis.     Passing  forward  from  the 
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node  (Fig.  8),  the  main  stem  of  the  A-  V  bundle  progressed  normally  through 
the  septum  membranaceum  for  about  2  mm.  when  it  ceased  suddenly  in  the 
dense  connective  tissue  of  the  septum  already  described.  About  3  mm. 
farther  along,  the  main  stem  was  again  identified.  A  hiatus  of  about  3  mm. 
was  thus  caused  between  the  A-  V  node  and  the  main  stem,  in  the  upper 
portion  ;  of  about  7  mm.  at  the  lower  ;  and  of  12  mm.  at  the  lowest  level. 
The  main  stem  was  then  followed  through  the  septum  membranaceum  about 
3  mm.  Its  anterior  end  was  terminated  by  the  dense  connective  tissue  of 
which  the  septum  ventriculorum  was  composed.  The  division  of  the  main 
stem  into  the  right  and  left  branches  Avas  nowhere  seen.  This  portion  of  the 
system,  as  well  as  the  origin  of  the  branches,  was  completely  destroyed  by  the 
sclerotic  process.  The  right  branch  was  not  identified  at  lower  levels,  but 
the  left  branch  was  clearly  seen  6  mm.  below  the  point  at  which  the  main 
stem  disappeared.  The  failure  to  identify  the  right  branch  was  due,  no 
doubt,  to  the  fact  that  the  right  half  of  the  interventricular  septum  was 
sclerotic  at  levels  lower  than  the  left  half.  The  left  branch  of  the  bundle 
did  not  partake  of  the  hypertrophy  of  the  rest  of  the  heart.  The  nuclei  of 
the  conduction  fibres  were  slightly  irregular  but  the  change  from  the  normal 
shape  and  structures  was  much  less  than  that  seen  in  the  intrinsic  cardiac 
muscle.  The  distinctiveness  of  the  nuclei  of  the  conducting  muscle  was 
recognised  here  as  well  as  in  other  hearts.  The  endocardium  which  lay 
over  the  left  branch  was  especially  thick,  the  thickening  being  due  to  fibrous 
changes  in  the  lining  membrane  of  the  heart.  The  smooth  muscle  of  the  endo- 
cardium showed  a  normal  development. 

The  aorta.  The  cusps  of  the  sinuses  of  Valsalva  were  sclerotic,  and  this 
sclerosis  involved  the  junction  of  the  cusps  especially.  The  aortic  wall 
contained  an  increased  amount  of  connective  tissue.  The  thoracic  aorta 
showed  moderate  thickening  of  the  intima,  the  elastic  tissue  of  which 
was  hyperplastic.  The  medial  layer  was  practically  normal.  Occasionally 
large  plaques  of  the  intima  occurred,  which  showed  degenerated  and 
oedematous  loose  fibrillar  connective  tissue.  They  contained  no  calcium, 
cholesterin,  or  debris.  The  abdominal  aorta  showed  areas  where  there  were 
lymphocytic  and  rarely  leucocytic  collections  in  the  intima.  In  a  few  places 
the  media  where  it  adjoined  the  intima  was  degenerated.  Here  the  nuclei 
were  not  stained  and  the  tissue  looked  hyaline.  Elsewhere  the  media  showed 
an  increased  amount  of  connective  tissue.  The  intima  was  unequally 
thickened  and  showed  distinct  plaques.  The  plaques  were  hyaline,  non- 
cellular,  and  in  a  few,  large  collections  of  needle-like  vacuoles  were  seen, 
which  in  the  recent  state  had  been  occupied  by  cholesterin  crystals.  In 
other  portions  of  the  intima  there  were  cellular  elements,  lymphocytes, 
leucocytes  and  plasma  cells.  There  was  no  deposit  of  calcium.  Another 
section  showed  necrotic  plaques  which  were  in  a  pre-ulcerative  stage.  Here 
the  degenerative  changes  in  the  media  were  more  advanced,  in  that  the 
nuclei  did  not  stain  and  the  tissue  had  assumed  a  hyaline  appearance. 
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The  liver.  The  capsule  was  very  thick  and  in  places  shaggy.  The 
thickening  was  for  the  most  part  due  to  an  increased  amount  of  fibrillar 
connective  tissue,  of  normal  appearance.  In  other  places  the  thickening 
was  due  either  to  destruction  or  to  partial  atrophy  of  the  underlying  liver 
cells.  The  central  veins  were  dilated,  the  surrounding  liver  cells  were 
atrojjhic,  and  in  many  there  was  advanced  fatty  degeneration.  A  number 
of  these  cells  showed  brown  pigment.  In  these  areas  a  number  of  acini  were 
compressed.     The  capsules  of  Glisson  were  normal. 

The  pancreas.  There  was  increased  interstitial  fatty  tissue  and  also 
some  increase  in  the  amount  of  connective  tissue. 

The  spleen.  The  capsule  was  much  thickened  by  dense  masses  of 
connective  tissue.  The  substance  of  the  gland  was  congested  :  and  there 
appeared  to  be  more  than  the  normal  amount  of  lymphatic  tissue  in  it. 

The  kidneys.  The  glomeruli  were  distinctly  more  congested  than  were 
other  parts  of  the  organ.  Adjoining  the  capsule,  there  were  a  number  of 
small  areas  containing  lymphocytes  and  others  where  there  was  an  increase 
of  connective  tissue.  The  vessels  were  normal.  There  was  a  hyperplasia 
of  the  internal  elastic  membrane,  probably  normal  at  this  period  of  life. 

The  medulla  oblongata  showed  no  abnormality.  It  was  examined  in 
serial  sections. 

The  right  vagus  nerve  showed  no  abnormality.  Many  ganglia  were 
seen  incorporated  in  its  course.  A  small  nerve  (presumably  the 
sympathetic)  was  seen  running  parallel  with  the  vagus,  into  the  interstitial 
tissue  of  which  a  haemorrhage  had  taken  place.     The  left  vagus  was  like  the 

right  and  in  tlie  section  a  small  nerve  containing  a  haemorrhage  was   also 
seen. 

Summary. — (1)  The  medulla  oblongata  showed  no  gross  lesion.  The 
\'agus  nerves  a\  ere  normal,  but  jDarallel  with  each  nerve  there  was  a  small 
one  containing  a  haemorrhage.  (2)  The  heart  was  hypertrophied  in  all  its 
cavities.  There  was  an  aneurj^sm  in  the  right  upper  portion  of  the  left 
ventricle.  There  was  partial  sclerosis  of  the  septum  ventriculorum  and 
complete  sclerosis  of  the  septum  membranaceum.  The  myocardium  contained 
numerous  scars.  There  was  practically  no  acute  inflammation.  The 
sino-auricular  node  was  in  part  destroyed,  being  replaced  b}'  connective  tissue. 
The  main  stem  of  the  auriculo-ventricular  bundle  was  divided  from  the 
auriculo-ventricular  node  by  sclerotic  tissue  ;  and  the  distal  end  of  the  main 
stem,  its  point  of  division  and  the  upper  parts  of  both  branches  were  destroyed 
by  the  same  process.  The  arteries  of  the  heart  showed  hypertrophy  of  the 
media,  degeneration  of  their  muscle  fibres,  and  h\^3erplasia  of  the  intima 
causing  either  partial  (the  more  common  lesion)  or  complete  obliteration  of 
the  lumina.  The  aorta  showed  athero-sclerosis.  (3)  The  liver  showed 
chronic  congestion,  as  did  also  the  spleen,  pancreas  and  kidneys. 
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Relation  of  lesioxs  and  heart  mechanism. 

We  do  not  propose  to  discuss  the  question  of  auricular  fibrillation  and 
its  morbid  anatomy  at  any  length.  The  findings  in  this  case,  the  partial 
destruction  of  the  sino-auricular  node  and  the  scattered  fibrosis  in  the  auricle, 
conform  with  those  w  hich  have  been  found  by  a  number  of  other  writers. 

The  case  was  remarkable  clinically  for  the  jDresence  of  definite  signs 
of  auricular  fibrillation,  while  the  ventricular  action  instead  of  being  rapid  and 
irregular,  as  is  usual  in  such  cases,  was  slow  and  regular.  The  opinion  was 
held,  and  is  still  held,  that  a  regular  action  of  the  ventricle  is  never  associated 
with  auricular  fibrillation,  except  when  complete  functional  dissociation 
of  auricle  and  ventricle,  so  far  as  conduction  is  concerned,  is  present  ;  and 
it  was  felt  that  as  the  ventricular  action  was  persistently  slow  and  regular. 
a  lesion  accounting  for  this  action  would  be  found,  which  was  comparable 
to  the  lesions  discovered  at  autopsy  when  ordinary  dissociation  of  auricular 
and  ventricular  rhythms  occurs.  This  expectation  has  been  fully  realised 
by  the  examination  of  the  heart  in  this  unique  case.  Complete  division  of  the 
junctional  system  occurred  at  two  levels  at  least.  The  post-mortem  findings 
confirm  the  conclusion  that  if.  in  a  case  of  auricular  fibrillation,  the  action 
of  the  ventricle  is  regular,  there  is  complete  functional  separation  of  the  two 
chambers,  so  far  as  the  conduction  of  impulses  is  concerned.  The  case  is, 
so  far  as  we  know,  the  only  one  of  its  kind  which  has  been  recorded. 

But  there  is  another  matter  in  connection  with  it  of  considerable  interest. 
The  post-mortem  examination  shows  a  lesion  at  the  division  of  the  bundle, 
and  destruction  of  the  upper  ends  of  both  the  branches.  Xow  when  there 
is  a  single  lesion  of  the  main  stem,  the  electrocardiogram  of  the  ventricle 
retains  its  original  form,  consisting  of  the  normal   Q.  R,  S  and  T,  or  R.  S 


Fig.  4.  (Reproduced  from  Heart.  Vol.  1.  p.  30().  Fig.  18).  An  electrocardiogram,  showing 
auricular  fibrillation  and  the  slow  and  peculiar  ventricular  beats  which  are  considered  to  be 
associated  with  the  action  of  a  heart,  in  which  both  bundle  branches  have  been  destroyed. 
Note  the  duration  of  S.     The  time  marker  is  in  one-fifth  seconds. 

and  T  variations.  "\Mien  one  or  other  branch  is  divided,  anomalous 
electrocardiograms  are  produced,  which  as  Eppinger.  Rothberger  and 
Stoerk-  ^  ^  have  shown,  are  distinctive  of  the  lesions  in  question.  In  this 
clinical  instance  both  branches  were  destroyed  and  it  might  be  anticipated 
that,  as  a  result,  the  ventricular  electrocardiogram  would  be  considerably 
modified.     One  of  the  original  curves  is   shown  in    Fig.    4 ;    it    was   taken 
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from  lead  II.  Two  ventricular  beats  are  seen  ;  R  is  small,  8  is  deep  and  T 
is  tall,  but  the  chief  feature  of  the  curve  is  the  breadth  of  "  S.""  The  total 
duration,  from  the  commencement  of  R  to  the  end  of  S  is  approximately 
one-fifth  of  a  second. 

There  is  but  one  published  electrocardiogram  from  an  experiment  in 
which  both  bundle  branches  had  been  cut.  It  is  given  by  Eppinger  and 
Rothberger-  (Fig.  8  of  their  paper).  The  curve  is  almost  identical  with  that 
now  published  ;  R  is  short,  S  is  deep  and  T  is  full  ;  but  again  the  chief 
feature  is  the  duration  of  8.  The  clinical  and  pathological  observations 
are  thus  in  the  most  complete  accord.  It  seems  from  the  comparison  that 
division  of  both  branches  of  the  bundle  may  be  diagnosed  clinically. 

Summary. 

1.  The  pathological  report  of  a  patient  previously  described  as 
exhibiting  auricular  fibrillation  and  complete  heart-block  is  now  given. 
Complete  division  of  the  bundle  was  found,  and  lesions  compatible  with 
auricular  fibrillation  were  seen. 

2.  The  observations  support  a  former  conclusion  that,  when  auricular 
fibrillation  is  associated  clinicallv  with  a  regular  action  of  the  ventricle, 
impulse  conduction  from  auricle  to  ventricle  is  in  abeyance. 

3.  A  lesion  is  also  described  which  divided  both  branches  from  the 
main  stem  of  the  bundle  and  from  each  other  ;  the  electrocardiograms  were 
of  the  form  seen  by  Eppinger  and  Rothberger  to  follow  a  similar  experimental 
lesion. 

4.  The  lesions  in  the  heart  were  of  syphilitic  origin  and  included  a 
septal  aneurism  pointing  from  the  left  towards  the  right  side,  i.e.,  from  the 
direction  of  greater  to  that  of  lesser  pressure. 

5.  The  patient  was  the  subject  of  syncopal  attacks.  The  nature 
of  the  heart  pauses,  responsible  for  the  attacks,  has  beeii  shown.  They 
followed  periods  of  relative  tachycardia,  resulting  from  new  impulse  formation 
in  the  ventricle.  This  observation  is  exactly  parallel  to  the  experimental 
findings  of  Erlanger  and  Hirschfelder. 
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THE    ACTION    OF    DIGITALI8    IN    THERAPEUTICS. 

By    a.    R.    CUSHNY,    H.    F.    MARRIS    and    M.    D.    SILBERBERG. 

{From  the  Heart  Wards  of  Mount    Vernon  Hospital  and  the  Pharmacological 
Department  of    University  College,   London.) 

When  Withering-"  introduced  digitalis  into  therapeutics  as  a  remedy  for 
dropsy,  he  also  recognised  that  "  it  has  a  i3ower  over  the  motion  of  the  heart 
to  a  degree  yet  unobserved  in  any  other  medicine  and  that  this  power  may 
be  converted  to  salutary  ends."  But  he  did  not  connect  this  cardiac  action 
w  ith  the  relief  of  dropsy,  and  Ferriar^  first  showed  the  relation  and  pointed 
out  that  "  the  power  of  reducing  the  pulse  is  the  true  characteristic  "  while 
"  its  diuretic  power  is  a  less  constant  and  less  essential  quahty  of  the  plant." 
This  reduction  in  the  rate  of  the  pulse  led  to  the  view  that  digitalis  is  a 
cardiac  sedative,  which  appears  to  have  been  widely  held  about  1800,  though 
Beddoes^  and  Kinglake''  pointed  out  that  while  the  pulse  is  slowed  it  is  also 
strengthened,  Beddoes  demonstrating  this  by  means -of  an  instrument  of 
the  nature  of  a  sphygomograph  and  maintaining  that  "  in  a  certain  dose 
digitalis  will  increase  the  activity  of  the  arterial  system."  But  the  obvious 
feature  of  slowness  of  the  pulse  appears  to  have  appealed  more  to  the 
clinicians,  and  for  many  years  the  view  prevailed  that  digita.hs  is  a  "  sedative  " 
to  the  circulation,  w  Inch  it  slows  and  renders  more  feeble.  Thus  Pereira^^ 
recommends  it  in  aneurism  and  hsemorrhages  in  order  "  to  reduce  the  force 
and  velocity  of  the  circulation,"  placing  it  in  the  same  category  as  repeated 
blood-letting  and  low  diet  for  this  jiurpose.  This  chnical  view  was  supported 
by  the  experiments  of  Traube,^'^  who  showed  that  digitalis  injected  intra- 
venously in  animals  slows  the  pulse  by  stimulating  the  vagus  centre,  and 
who  appears  to  have  ignored  entirely  the  early  clinical  view  that  the  circulation 
is  strengthened  and  accelerated  by  digitalis.  The  action  of  digitalis  on  the 
heart  apart  from  the  inhibitory  slowing  was  first  demonstrated  by 
Schmiedeberg^*  on  the  frog's  heart,  and  has  been  generally  recognised, 
although  the  attention  of  clinicians  is  still  apt  to  be  directed  rather  to  the 
slowing  of  the  pulse,  which  can  be  readily  recognised  and  measured,  than 
to  the  other  features  of  the  action. 

One  of  us^  demonstrated  that  in  mammals  small  doses  of  the  digitalis 
bodies  injected  intravenously  slows  the  heart  by  stimulation  of  the  inhibitory 
centre  and  at  the  same  time  strengthens  the  contractions  and  often  lessens 
the  relaxation  of  the  heart  by  direct  action  on  the  cardiac  muscle.  The  net 
effect  is  to  increase  the  outflow  of  blood  from  the  heart.  Larger  quantities 
reduce  the  efficiency  of  the  heart  by  still  further  slowing  its  rhythm  and  thus 
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diminishing  the  total  output.  These  vieAvs  have  been  generally  acce^jted, 
but  it  is  still  disputed  whether  the  therapeutic  effects  of  digitahs  and  its 
aUies  are  to  be  attributed  to  the  inhibitory  action  or  to  its  direct  cardiac 
action.  In  favour  of  the  former  it  is  often  argued  that  by  lengthening  the 
inactive  phase  of  the  cycle  more  time  is  allowed  the  heart  to  recuperate  its 
energy,  and  it  is  further  a  matter  of  common  observation  that  the  improve- 
ment of  the  symptoms  under  digitalis  often  is  coincident  with  the  slowing 
of  the  pulse. 

The  newer  methods  of  clinical  observation  in  heart  disease  seemed  to 
promise  to  throw  some  light  on  this  disputed  question  in  therapeutics,  and 
one  of  us  has  been  engaged  for  several  years  in  working  on  the  problem  with 
Dr.  James  Mackenzie  in  the  Heart  wards  of  Mount  Vernon  Hospital.*  It 
is  hardly  necessary  to  add  that  without  his  active  interest  and  co-operation 
it  would  have  been  impossible  to  carry  out  the  work. 

Many  of  our  investigations  were  performed  with  standardised  tincture 
of  digitalis,  some  with  the  tinctures  of  strophanthus  and  squills  or  with 
strophanthin  jjut  up  in  ampoulles  for  us  by  Burroughs  and  Welcome,  who 
state  that  it  was  isolated  by  them  from  specially  selected  and  tested  seeds 
of  Strophanthus  Kombe. 

The  actions  of  digitalis,  strophanthus  and  squills f  on  the  human  heart 
Avere  practically  identical  in  our  observations,  though  they  may  differ  in  some 
minor  details,  so  that  we  have  felt  justified  in  treating  the  results  obtained 
from  one  of  them  as  applicable  to  the  group.  The  disadvantages  which 
attend  the  use  of  all  three  in  the  doses  which  are  employed  arise  from  the 
alimentar}'  tract,  and  our  first  attempt  was  to  discover  some  remedy  which 
while  inducing  the  therapeutic  effects  would  have  less  gastric  action,  as  in 
some  cases  we  found  it  impossible  to  obtain  the  cardiac  action  of  digitalis 
owing  to  the  headache,  nausea  and  vomiting  which  it  induced. 

It  was  hoped  that  an  inhibitory  action  similar  to  that  of  digitalis  might 
be  induced  by  the  use  of  aconite,  which  is  generally  reputed  to  slow  the  pulse 
in  man,  and  which  in  large  doses  in  animals  stimulates  the  inhibitory  centre 
in  the  same  way  as  digitalis,  while  it  is  devoid  of  direct  action  on  the  heart 
muscle  unless  still  larger  doses  are  given.  A  number  of  cases  were  therefore 
treated  with  aconite  and  aconitine  in  a  variety  of  doses,  but  Price^^  could 
elicit  no  slowing  of  the  pulse  in  cases  in  which  digitalis  subsequently  or 
previously  had  been  effective,  and  this  method  of  approaching  the  problem 
therefore  broke  down.  On  the  other  hand,  helleborein  injected  in  animals 
has  the  same  effects  on  the  cardiac  muscle  as  digitalis,  while  it  is  practically 


*  Some  uf  our  cases  were  reported  by  Silbcrberir.  Trans,  roy.  Soc.  of  Med.  (Pharm.  and 
therap.  Section),  1911,  May  16,  p.~192,  and  the  details  of  tliese  have  been  omitted  in  the  following 
pages. 

t  Squills  has  been  in  constant  use  in  medicine  for  o\ev  2,000  years,  while  digitalis  has  a  history 
of  only  about  135  years  and  strophanthus  of  only  35  years.  Yet  the  action  of  squills  on  the  heart 
has  only  been  recognised  in  the  last  half  century,  although  some  of  the  older  physicians  [e.g., 
Honie,  Clinical  Experiments,  1783,  p.  387)  observed  that  when  large  doses  were  used  to  cause 
vomiting  the  pulse  was  sometimes  reduced  in  frequency,  e\  en  to  forty  per  minute. 
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devoid  of  action  on  the  inhibitory  centre.  It  thus  seemed  possible  that  in 
man  the  direct  cardiac  effects  of  the  digitahs  type  might  be  ehcited  by 
helleborein,  without  concomitant  inhibition.  But  this  also  failed,  for 
helleborein  given  by  the  mouth  even  in  half -grain  doses  had  no  demonstrable 
effect  in  heart  disease,  but  often  induced  diarrhoea,  which  prevented  its 
further  use.  This  is  probably  due  to  its  being  absorbed  from  the  bowel  with 
great  difficulty  hke  the  saponins  with  which  it  is  nearly  allied  :  apparently 
it  never  reaches  the  heart  in  sufficient  quantity  to  ehcit  its  characteristic 
action  unless  it  is  injected  intravenously.  Both  these  attempts  to  induce 
the  effects  of  one  side  of  the  digitalis  action  thus  proved  abortive. 

Another  method  of  distingui.shing  between  the  two  factors  in  the  action 
of  digitalis  was  thus  adopted  and  proved  more  successful.  If  the  inhibitory 
factor  could  be  ehminated  under  digitahs  without  abohshing  the  therapeutic 
effects,  then  it  would  be  proved  that  these  are  not  dependent  on  the  inhibitory 
action,  but  on  the  direct  action  on  the  cardiac  muscle.  The  inhibition  can 
be  removed  by  the  use  of  atropine,  and  we  have  therefore  given  atropine 
in  a  number  of  cases  which  were  under  the  influence  of  digitalis.  This  can  be 
done  without  any  inconvenience  to  the  patient,  in  fact  we  were  repeatedly 
assured  that  the  breathing  was  easier  for  some  hours  after  the  atropine 
injection.  Atropine  sulphate  in  dilute  solution  was  injected  in  the  forearm. 
Tracings  of  the  radial  pulse  or  of  the  apex  beat  were  taken  before  the  injection 
and  were  continued  afterwards  for  one  or  more  hours.  The  rate  of  the  pulse 
given  throughout  this  paper  was  taken  from  polygraph  tracings,  some  of 
these  being  continued  for  many  hours  without  interruption. 

There  is  normally  in  man  an  inhibitory  tone  which  slows  the  heart  and 
which  is  removed  by  atropine,  and  this  alkaloid  therefore  accelerates  the 
jiulse.  The  question  to  be  determined  was  whether  the  digitalis  slowing 
was  an  exaggeration  of  this  inhibition  ;  in  this  case  atropine  would  accelerate 
the  pulse  not  only  to  the  rate  prevaiUng  before  the  digitahs  was  given  but 
to  the  rate  attained  by  the  heart  released  from  control  by  atropine  before 
the  digitalis  treatment  was  instituted.  It  was  therefore  necessary  to 
ascertain  the  rate  of  the  released  heart  before  the  digitahs  was  given  as  well 
as  after  treatment  was  instituted,  and  for  this  reason  at  least  two  injections 
of  atropine  were  requisite,  one  given  during  the  digitalis  treatment  and  one 
before  it  or  after  it  had  ceased. 

It  will  be  convenient  to  divide  the  cases  into  two  groups,  those  in  ^^  hich 
the  normal  sequence  of  the  heart  movements  was  preserved  except  for  some 
minor  aberrations,  and  those  in  which  the  dominant  feature  was  the  fibrilla- 
tion of  the  auricles.  The  effects  of  digitahs  are  much  more  satisfactory 
in  the  second  class  of  cases  and  in  particular  the  slowing  of  the  pulse  is  a 
more  marked  feature  in  the  effects  as  a  general  rule,  as  Mackenzie^  pointed 
out  in  1905  and  has  recently  described  in  detail. 

I.      Xoy-FIBRILLATIXG    CASES. 

Digitahs  reduces  the  rate  of  the  heart  in  a  certain  proportion  of  these 
cases  and  improves  the  general  symptoms,  such  as  dropsy.     In  most  of  the 
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instances  in  which  the  pulse  is  slowed,  if  the  treatment  with  large  doses 
be  continued,  partial  heart-block  or  marked  sinus  arrhythmia  is  developed. 
Thus  in  seven  cases  out  of  twenty-one  A\hicli  Mackenzie^  describes  as 
"  normal  rhythm.""  the  pulse  Avas  sIom-  under  digitalis,  and  in  six  of  the  seven 
either  partial  block  or  sinus  irregularity  A\as  developed.  As  yet  we  have 
examined  under  atropine  only  those  cases  of  normal  rhythm  in  which  there 
was  definite  slowing. 

CASE  l*  CO.,  male,  ageil  l(j.  Admitted  on  Octoljer  the  20tli,  lUlU,  when  he  was  found  to 
be  suffering  from  mitral  and  aortic  disease  accompanied  by  shortness  of  breath,  pain  in  the  left 
chest  and  a?dema.  The  pulse  was  regiUar  and  full,  rate  138  per  minute.  The  area  of  heart 
dulness  was  enlarged,  the  liver  swollen  and  pulsating  and  crepitations  were  present  at  the  bases 
of  the  lungs. 

Digitalis  unproved  the  sjiuptoms  but  induced  heart-block  and  later  \omiting.  These 
disappeared  when  digitalis  was  stopped  but  returned  when  it  was  resumed.  The  a-c  interval 
was  not  i)rolouged,  when  the  rhytlmi  was  regular. 

On  December  the  7th  he  had  been  without  drugs  for  tliirteen  days.  His  pulse  was  120  to 
124  and  regular.  Atropine  1  oO  gr.  was  injected  hypodermicaUy  and  raised  the  pulse  rate  to 
130-133,  an  increase  of  9  per  minute. 

On  December  the  19th  he  had  taken  9  dr.  of  tincture  of  digitalis  (20  m.  t.d.s.,  in  nine  days), 
and  heart-block  and  some  pha.ses  of  judsus  alternans  were  present.  The  ventricular  rate  varied 
from  72  to  84  per  minute.  Atropine  1  oO  gr.  was  injected,  and  in  seven  minutes  the  regular 
rhythm  returned,  the  l.ilock  and  pulsus  alternans  disappeareel,  and  the  rate  increased  to  112-110 
per  minute.  The  rhytlmi  remained  regular  for  two  and  a  quarter  houi-s  and  then  the  slowing 
due  to  digitalis  heart-block  returned.     Increase  in  rate,  3G  per  minute  luider  atropine. 

Summary.  Partial  heart-block  and  slight  pulsus  alternans  from 
digitalis  ■\\ere  removed  by  atropine.  The  rate  of  the  released  heart  Asas 
somewhat   slower  after  digitahs  than  before  its  administration. 

CASE  2.  C.L.,  labourer,  aged  4.5.  Admitteil  July  tlie  14th,  1911,  complaining  of  stabbing 
pain  in  lower  sternal  region,  sometimes  shooting  into  left  shoulder  and  back  of  neck  and  head, 
which  is  aggravated  after  exertion.  Some  djspnoea  after  exertion.  Occasional  "thumping" 
of  heart.  During  the  last  month  some  swelling  of  the  feet  observed  and  later  swelling  of  abdomen. 
On  examination  some  tenderness  was  detected  over  the  sternomastoid  and  pectoralis  muscles 
on  the  left  side,  and  slight  emphysema.  There  was  no  cedema,  the  heart  sounds  were  normal 
and  the  pidse  was  regular  at  ti4-72  per  minute  with  \  ery  slight  sinus  arrhytlunia.  Blo<xl  pressure 
110.  After  rest  in  bed  for  ten  days  there  was  no  change  in  rate.  On  July  the  2(>tli  an  injection 
of  1/50  gr.  atropine  reduced  the  i>ulse  from  70-72  to  GO  07  at  first,  and  after  20  minutes  it  r*  se  to 
74-75.  A  further  injection  of  1/50  gr.  increased  the  rate  to  83  and  then  to  80-89  and  the  sinus 
arrhythmia  disappeared.  Tincture  of  digitalis  was  oixiered,  20  m.  t.d.s.  for  15  days  ;  latterly 
slight  nausea  and  constipation  were  induced,  and  the  i)atient  complained  of  a  dull  heavy  feeling 
under  the  sternmu.  Xo  headache.  Blood  pressure  rose  to  125-130.  Pulse  02  i)er  minute, 
regular,  except  for  sinus  slowing  which  was  more  marked  than  before  treatment.  Before  digitalis 
exertion  caused  an  acceleration  from  08-78.  After  digitalis  the  acceleration  was  from  02  to  70 
after  exertion  and  occasional  aimciUar  extrasystoles  were  present.  Themjection  of  1/50  grain 
atropme  fii-st  slowed  the  pulse  and  then  accelerated  it  to  78-80,  and  the  sinus  arrhytlmiia 
disappeared. 

Summary.  A  regtilar  heart,  was  accelerated  hy  atropine  to  the  usual 
extent.  Digitahs  caused  slowing  A\ith  some  increase  in  the  sinus  slowing. 
Atropine  accelerated  the  puUe  to  ahr.c^t  the  same  degree  as  before  digitahs 
and  removed  the  sinus  slowing. 

CASE  3.  L.R.,  male,  aged  66.  Emphysema.  Complains  of  shortness  of  breath  on 
exertion,  increasing  recenth .     Suffered  from  rheumatism  last  four  vears,  fomierlv  from  epilepsy. 

Admitted  July  the  13th,  1911. 

*  For  clinical  details  see  CA6E  8.  cited  by  Silberberg. 
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Heart  regular  except  for  slight  sinus  arrhythmia,  chest  empliysematous,  no  murmurs,  no 
excessive  arterio-sclerosis  for  his  age.  Blood  pressure  153-160  from  day  to  day.  Pulse  rate  72. 
After  rest  in  bed  for  12  days  no  ai)iiarent  change  except  less  dyspnoea.  July  the  25th  atropine 
1/25  gr.  raised  pulse  rate  from  66  to  72-74  and  abolished  sinus  arrhythmia.  Put  on  digitalis 
m.  20  t.d.s..  July  the  29th  complained  of  headache  and  on  the  30th  vomited.  Digitalis  stopped 
on  the  30th.  On  August  the  1st,  the  polygraph  showed  after  exertion  a  bigeminal  pulse  apparently 
from  auricular  extrasystoles  and  marked  sinus  arrliythmia  independent  of  respiration  (Fig.  2). 
There  was  a  tendency  to  periodic  respiration  under  digitalis  which  was  not  present  before  treatment 
and  disajjpeared  after  digitalis  was  given  up,  but  reappeared  when  digitalis  was  again  instituted. 
On  August  the  2nd  the  bigeminal  pulse  was  present  even  when  the  patient  was  at  rest.  1  /25  gr. 
atrojiine  after  jireliminary  slowing  raised  ptilse  from  57-58  per  minute  to  66-67.  The  sinus 
arrliythmia  and  the  auricular  extrasystoles  disajipeared  (Fig.  1). 


MINUTES 

OS         lo       15       ao 

25 

30 

35        40        4-5            1 

PULSE 
RATE 

80 
70 
60 
50 

; 

: 

A 

A.^ 

/^' 

VAirA 

.1^ 

v\ 

- 

:     V 

V^ 

~y 

^ 

"^ 

..•■• •■ 

/... 

■..\ 

•m- 

■■•■■••• 

* 

- 

i 

-•...-• 

''»-'" 

^ 

! 

f 

■ 

'- 

Afrc 

pine 

\ 

Fig    I. 

Fig    1.     (CASE^).     Chart*  of  pulse  rate  under  atropine.     July  the  25th  before  digitalis 
August  the  2nd  after  five  days  digitalis  treatment 
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Fig.  2.     {CASE  3.)     Under  digitalis.     Auricular  extrasystoles. 

Summary.  Digitalis  slowed  the  heart,  increased  the  sinus  slowing  and 
induced  occasional  auricular  extrasystoles.  Atropine  accelerated  the  jiulse 
to  almost  the  same  rate  as  that  observed  in  the  released  heart  before  digitalis 
and  removed  the  sinus  arrhythmia  and  extrasystoles.  Under  digitalis  this 
patient  exhibited  a  tendency  to  periodic  respiration. 

CASE  4.  L.W.f  (Fig.  3),  aged  21,  waitress.  Admitted  complaining  of  pain  over  the  heart 
and  shortness  of  breath  during  the  last  five  weeks.  History  of  rheumatic  fever.  Area  of  heart 
dulness  enlarged,  mitral  and  aortic  systolic  and  diastolic  murmurs.  Pulse,  99-100,  regular. 
Blood  pressure,  108-112.  Tincture  of  digitalis,  20  m.  t.d.s.,  induced  nausea  after  10  days,  and 
soon  afterwards  the  pulse  fell  to  60-70  and  was  irregular  from  heart-block.  When  digitalis  was 
stopped  the  pulse  rate  rose  to  96-100.     Her  P-  R  interval  is  0-28  second  (normal  0-1 2-0- 17  second). 

On  A|)ril  the  5th  in  the  stage  of  digitalis  heart-block  (12  dr.  taken),  atropine  (1/50  gr. )  was 
administered.  Eight  minutes  after  there  were  phases  of  regular  rhythm  mixed  with  phases  of 
irregular  pulse,  rate  79-86.  In  twelve  minutes  the  rhythm  was  regular,  and  for  eight  minutes 
remained  so  at  a  rate  varying  from  104-110,  and  thereafter  till  the  end  of  the  observation  there 
were  again  phases  of  regular  and  irregular  rhythms.  Dryness  of  the  throat  was  complained  of 
twenty  minutes  after  the  injection.      Increase  in  pulse  rate  from  60-64  to  110-114  =  50. 


*  In  these  charts  the  rate  is  indicated  in  the  ordinates,  the  time  along  the  abscissa, 
•f  The  earlier  part  of  this  case  given  by  Silberberg  (CASE  9). 
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Junetlie  13th,  without  digitalis  o — o — o. 

.     July  the  17th,  recovering  from 

digitalis,  half-rhythm  frequently  but  not  continuously.    Auricle  rate .   Ventricle 


Fig.  3.     Cliart  of  pulse  rate  in  CASE  4.  under  atropine 
Julv  the  3rd  under  full  digitalis  (half-rhytlun 


On  April  the  25th  the  heart  had  reverted  to  its  former  rh>-tlim  of  90-100  per  minute,  and 
tincture  of  strophanthus  was  given,  m.  20  t.d.s.,  and  later  30  m.  t.d.s.  (47  dr.  altogether)  without 
inducing  any  change  in  rate  or  rhythm  or  any  toxic  s\'n:iptoms.  Treatment  was  stopped  on 
June  the  7th.  On  June  the  13th  the  pulse  was'examined  under  atropine  (1/50  gr.)  (Fig.  3),  and 
rose  from  110-115  to  145-150  per  minute  and  the  slight  sinus  arrhythmia  disappeared.  On 
June  the  20th  tincture  digitalis  m.  20  t.d.s.  was  ordered,  but  the  pulse  remained  unchanged  in 
rate  until  the  29th  when  it  was  65-75  and  tracings  showed  periods  of  2:1  heart-block  alternating 
with  periods  of  regular  rhytlmi.  The  patient  felt  stronger  and  less  breathless  until  the  27th 
when  she  began  to  complain  of  heaviness  under  the  sternum,  breathlessness  and  "  thimiping 
of  her  heart."  On  July  the  1st  these  sj-mptoms  were  more  marked  and  she  complained  of  nausea 
and  sleeplessness.  The  pulse  was  now  regular  at  53-55  and  tracings  showed  constant  2  :  1  heart- 
block.  On  July  the  3rd  these  sjnnptoms  continued  unchanged.  The  pulse  was  not  quickened 
on  exertion,  while  previously  there  had  been  some  rise,  e.g.,  from  90-110.  1/50  gr.  atropine  was 
injected  and  induced  dryness  of  the  throat  and  wide  dilatation  of  the  pupils,  but  had  practically 
no  effect  on  the  rate  of  the  pulse,  except  removal  of  very  slight  sinus  arrhythmia  (see  Fig.  3). 
This  result  was  so  strikingly  different  from  that  obtained  from  the  same  patient  on  April  the  5th 
that  it  was  twice  repeated  on  the  following  days  with  1/25  gr.  of  atropine  witli  the  same  result, 
practically  no  acceleration  of  the  pulse.  Digitalis  was  discontinued  on  July  the  7th  when  severe 
headache,  nausea  and  vomiting  were  present.  The  pulse  began  to  quicken  on  July  the  15th 
and  on  the  17th  was  82,  while  the  auricle  was  1 10.  Iiijection  of  1/50  gr.  atropine  increased  the 
rate  of  the  auricle  to  118  and  the  pulse  from  82  to  118  for  some  minutes,  the  block  disappearing 
entirely.  Occasional  ventricle  contractions  then  began  to  fall  out  (Fig.  3).  On  the  18th  the 
toxic  s\-mptoms  were  gone  and  the  block  had  disappeared,  but  could  be  restored  by  pressure  over 
the  vagus  in  the  neck,  by  exertion  and  by  swallowing  cold  water.  On  July  the  25th  this  had 
also  disappeared  and  the  rate  was  now  1 10-120,  regular.  On  the  29th  the  dyspna?a  returned.  On 
August  the  1st  tincture  digitalis  m.  10  t.d.s.  was  ordered.  On  August  15th  general  condition  was 
improved,  jjulse  90,  regular,  and  block  could  be  induced  on  vagal  pressure  or  exertion.  The 
dose  was  reduced  to  m.  10  b.d.s.  and  she  was  discharged  and  remains  fairly  well  up  to  the  present 
under  this  treatment.  The  blood  i)ressure  remained  fairly  constant  at  125-135  throughout 
except  during  the  full  action  of  digitalis  when  it  reached  140-145  mm.  for  a  few  days. 
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Sinnmary.  Digitalis  caused  partial  heart-block,  which  when  moderate 
in  degree  was  removed  by  1/50  gr.  atropine,  but  when  more  marked  (constant 
2  :  1  rhythm)  \\as  unaltered  by  atropine.  The  rate  of  the  auricle  \\as  hardly 
changed  by  digitalis  except  that  a  very  shght  sinus  arrhythmia  was  noted 
before  the  block  developed.  In  the  later  phases  (July  the  3rd)  there  was  less 
sinus  slowing.  In  each  case  atropine  removed  this  minor  irregularity.  In 
the  earher  stages  of  block  where  series  of  beats  at  1  :  1  alternated  with  other 
series  of  2  :  1,  the  change  from  2  :  1  to  1  :  1  was  generally  preceded  by  a  few 
beats  in  which  sinus  slowing  was  very  marked.  This  slowing  of  the  whole 
heart  appeared  to  allow  time  for  the  bundle  to  recover  from  exhaustion 
and  it  then  remained  capable  of  carrying  each  impulse  from  the  auricle 
for  some  time.  Exhaustion  was  then  induced  by  the  rhythm  and  it  fell 
back  on  the  2  :  1  rhythm  until  again  it  was  allowed  time  for  recovery  by  a 
sinus  slowing.  Atropine  removed  this  sinus  slowing  with  the  block.  Before 
digitalis  was  given,  atropine  induced  a  considerable  rise  in  the  pulse  rate, 
which  indicates  that  the  pacemaker  was  controlled  by  tonic  activity  of  the 
inhibitory  mechanism.  After  digitalis,  this  control  was  less,  for  the  rise  in  the 
auricular  rate  was  smaller.  The  rate  of  discharge  of  the  pacemaker  remained 
practically  the  same. 

CASE  5.  R.W.,  male,  aged  .35,  hairdresser.  Smoked  moderately  and  has  latterly  been 
drinking.  He  had  pneimionia  18  months  ago  and  has  never  been  well  since.  In  March,  1911, 
he  observed  swelling  of  the  feet  and  abdomen,  which  responded  to  treatment.  He  has  been 
nervous  and  shaky  ever  since  then.     Admitted  July  the  21st,  1911. 

Complains  of  nervousness  and  tightness  across  chest.  Colour  good.  Some  emphysema  and 
a  little  oedema  at  base  of  lungs.  Heart  extended  to  4f  inches  to  left  of  middle  line.  No  localised 
impulse.  First  sound  seemwi  feeble  ;  no  murmurs.  Pulse  was  60,  and  apart  from  moderate 
sinus  arrhythmia  and  full  n-c  interval  (0-2  sees. ),  was  regular  in  character.  The  sinus  arrhytlmiia 
continued  when  the  breath  was  held.  Blood  pressure,  150.  Vessels  were  soft  and  showed  no 
signs  of  degeneration.  No  precordial  tenderness  was  present  and  the  liver  was  not  enlarged  or 
tender.  Some  CBdema  of  legs.  No  albmnen  in  urine  which  amounted  to  20-30  oz.  Ordered 
rest  in  bed.  On  July  the  .31st  he  had  lost  all  his  subjective  sj-mptoms.  Pulse  GO,  blood  jiressiire 
140,  lungs  clear,  and  no  tenderness  an\^vhere.  Pulse  rate  on  exertion  quickened  from  62  to  72. 
Atropine  (1/50  gr.)  injected  hypoflenni'cally  on  July  the  28th  (Fig.  4)  caused  initial  slowing  of  the 
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Fig.  4.     Chart  of  pulse  rate  of  C45£' 5  under  atropine.     July  the  28th  before  digitalis,  o  —  o — o. 

August  the  31st  under  digitalis, .     September  the  27tli  after  the  digitalis  effects 

had  passed  off 

pulse  followed  by  acceleration  to  78-80  from  the  normal  60-62,    and    the    sinus    arrhythmia 
disappeared.     On  August  the  3rd  ordered  tincture  digitalis  m.  20  t.d.s.     On  August  the  «tn 
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(after  5  dr.  digitalis)  sinus  arrhythmia  increased  and  some  auricular  extrasystoles  were  present 
after  exertion.  August  the  14th  (after  13  dr.  digitalis)  there  was  marked  slowing  of  whole 
heart,  the  pauses  being  sometimes  almost  double  the  length  of  the  jjreceding  pulse  interval, 
suggesting  some  form  of  block  above  the  auricle.  On  August  the  19th  he  complained  of  specks 
before  his  ej^es  and  precordial  distress.  On  August  the  24th  an  electrocardiogram  kindly  taken 
for  us  by  Dr.  Lewis  showed  frequent  pauses  of  auricle  and  ventricle  (Fig.  5),  the  duration  of  the 
pause  being  exactly  double  the  interval  between  the  ordinary  P  waves,  again  suggesting  block 
above  the  auricle.  The  PR  interval  was  short  after  each  pause  and  then  lengthened  to  about 
0-2  sees,  in  the  next  cycles  but  was  not  abnormally  lengtliened  in  any  beat.  Tlie  polygraph 
records  showed  this  irregularity,  but  in  addition  there  was  unmistakeable  auriculo-ventricular 
block  (Fig.  6).  On  August  the  29th  1/50  gr.  atropine  caused  the  usual  slowing  followed  by  no 
acceleration,  the  pulse  remaining  at  60-62.  The  sinus  irregularity  was  quite  unaffected.  August 
the  3 1st  1  /25  gr.  atropine  induced  dryness  of  the  throat  and  other  symptoms  but  did  not  accelerate 
the  heart  or  render  it  more  regular,  both  forms  of  slowing  persisting  unchanged  (Fig.  4).  September 
the  7th  headaclie  complained  of  and  digitalis  was  stopped.  On  September  the  27th  the 
irregularities  had  disappeared  and  he  had  reverted  to  his  original  condition.  Atropine  (1/50  gr. ) 
accelerated  the  pulse  from  60-62  to  73-76  (Fig.  4).  On  September  the  28th  digitalis  was  resumed. 
October  the  2nd  arrhythmia  present  during  the  secondary  slowing  after  exertion,  not  present 
during  rest.  October  the  4th  arrhythmia  permanent  except  that  it  disappears  on  exertion  with 
the  acceleration  of  the  pulse. 
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Fig.  5.     Electrocardiogram  of  CASE  5  under  digitalis  (August  the  24th). 


Fig.  6.     Polj'graph  record  of  jugular  and  radial  pulse  of  CASE  5  under  digitalis  (August  the  25th). 

Summary.  Digitalis  caused  marked  sinus  arrhythmia  with  occasional 
auricular  extrasystoles  and  later  long  pauses  of  the  whole  heart  (sino- 
auricular  block  ?)  and  less  marked  auriculo-ventricular  block.  Atropine 
(1/50  and  1/25  gr.)  had  no  effect  on  either  of  these  abnormahties  and  did  not 
accelerate  the  heart  appreciably,  although  it  caused  fair  acceleration  before 
the  digitahs  treatment  had  been  instituted  and  after  it  had  been  abandoned. 


Disctissio7i. 

In  the  first  three  of  these  cases  the  injection  of  atropine  was  followed 
by  the  disappearance  of  the  slowing  and  irregularity  induced  by  digitahs 
and  these  may  accordingly  be  ascribed  to  the  inhibitory  action.  It  is  true  that 
during  or  after  digitalis  treatment  the  heart  released  from  inhibition  did  not 
quite  attain  the  rate  of  the  released  heart  before  digitalis  treatment.  But  the 
difference  is  not  marked,  and  it  is  impossible  to  determine  how  far  it  is 
due  to  the  digitahs  and  how  far  to  the  rest  and  general  treatment.     Several 
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writers  have  removed  block  or  sinus  slowing  after  digitalis  by  the  use  of 
atropine,  so  that  the  inhibitory  character  of  these  irregularities  under 
digitalis  is  generally  recognised. 

In  CASE  4  atropine  removed  the  sinus  arrhythmia  and  partial  heart- 
block  when  they  were  slight  in  extent  but  failed  to  modify  the  rhythm  when 
the  regular  2  :  1  rhythm  was  developed  by  the  continued  use  of  digitahs. 
This  \\'ould  suggest  that  the  block  was  at  one  time  inhibitory  in  character 
and  at  another  time  due  to  direct  action  of  digitahs  on  the  heart.  But 
closer  examination  indicates  that  at  both  times  there  was  direct  action  on  the 
conduction.  For  on  April  the  5th  and  July  the  17th  the  block  was  much 
diminished  by  atropine  but  was  not  entirely  removed  except  for  a  few  minutes, 
frequent  intermissions  occurring  soon  afterwards.  There  was  no  tendency 
to  heart-block  before  digitalis  was  administered  except  in  so  far  as  the  a-c 
interval  was  long,  and  when  atropine  was  injected  while  the  patient  was  not 
under  the  influence  of  digitalis  there  was  no  failure  in  the  conduction  of 
even  rapid  rhythm.  Digitalis  therefore  lessened  the  conduction  through  a 
direct  action  on  the  heart  and  also  through  its  inhibitory  stimulation.  The 
combination  of  these  two  factors  caused  heart-block  on  April  the  5th  and 
July  the  17th,  and  atropine  removed  this  by  eliminating  the  inhibition, 
the  direct  action  on  conduction  remaining  unchanged  but  not  being  powerful 
enough  to  manifest  itself  in  intermissions.  In  a  more  advanced  stage  of 
digitalis  action  (July  the  3rd)  the  direct  action  on  conduction  had  been  so 
far  developed  that  half  rhythm  was  present  quite  apart  from  any  inhibitory 
action.  And  atropine  therefore  failed  to  remove  the  half  rhythm,  though 
a  very  shght  sinus  arrhythmia  disappeared  under  it. 

In  CASE  5  the  very  marked  irregularities  under  digitalis  arose  from 
sinus  disturbance  and  from  auriculo-ventricular  block,  and  these  were 
unaffected  by  atropine  and  therefore  arose  from  direct  action  on  the  heart 
and  not  from  the  inhibitory  activity. 

In  these  five  cases  of  normal  rhythm,  digitalis  caused  slowing  and  block, 
sometimes  through  the  inhibitory  apparatus  and  sometimes  through  direct 
action  on  the  heart  muscle  which  closely  simulated  the  inhibitory  stimulation 
in  its  effects.  This  close  simulation  of  the  inhibition  is  of  interest  because 
a  similar  apparent  inhibition  has  long  been  known  in  the  frog's  heart  under 
digitalis  and  in  fact  has  only  recently  been  shown  not  to  be  inhibitory  in 
nature  (Werschiniu,i^  Straub^^). 

II.       FiBRlLLATING    CASES. 

In  those  cases  in  which  auricular  fibrillation  is  present  digitalis  reduces 
the  pulse  much  more  frequently  and  the  reduction  is  greater  in  degree  as  a 
general  rule.  Thus  in  Mackenzie's  sixteen  cases  of  auricular  fibrillation 
there  was  marked  slowing  in  thirteen  after  digitalis,  squills  and  strophanthus. 
This  is  probably  the  form  of  disease  in  which  digitalis  obtained  its  reputation 
as  a  cardiac  sedative,  and  as  the  slow  pulse  is  in  most  cases  accompanied 
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by  marked  imi^rovement  in  the  general  symptoms  the  curative  effect  has 
been  ascribed  to  the  slowing.  In  several  cases  some  improvement  occurred 
in  the  general  symptoms  even  when  the  pulse  was  not  noticeably  slower, 
but  it  is  imj)ossible  to  state  whether  this  was  due  to  the  action  of  the  drug 
or  to  the  rest  and  general  hospital  treatment.  At  the  same  time  it  cannot 
be  stated  fairly  that  digitalis  is  Avithout  beneficial  action  in  these  cases  even 
when  the  pulse  is  unchanged  in  rate. 

The  specific  action  of  digitalis  on  the  rate  of  the  pulse  in  auricular 
fibrillation  is  most  easily  explained  by  supposing  that  it  lessens  the  con- 
ductivity of  the  auriculo-ventricular  bundle  and  thus  lessens  the  number  of 
impulses  reaching  the  ventricle,  which  accordingly  beats  more  slowly 
(Lewis^).  And  digitalis  induces  block  in  a  certain  proportion  of  cases  of 
normal  rhythm  through  its  inhibitory  action,  so  that  it  seemed  probable 
that  the  slow  pulse  under  digitalis  in  auricular  fibrillation  arises  from 
inhibitory  blocking  of  the  bundle.  This  view  is  supported  by  a  number  of 
facts  observed  experimentally  and  clinically.  Thus  it  has  been  shown  by  a 
number  of  experimental  investigations  that  in  auricular  fibrillation  in  animals 
stimulation  of  the  vagus  slows  the  ventricle  and  makes  it  more  regular 
although  the  fibrillation  continues  in  the  auricle.  And  block  induced  by  other 
means  such  as  asphyxia  causes  a  similar  reduction  in  the  rate  of  the  ventricle 
during  auricular  fibrillation.  A  strong  argument  in  favour  of  this  view  has 
also  been  given  by  Wenckebach!^  who  found  that  pressure  on  the  vagus 
nerve  in  auricular  fibrillation  in  man  often  causes  marked  slowing  of  the  pulse 
in  the  same  way  as  digitalis,  and  that  in  one  case  in  which  this  vagus  stimula- 
tion failed  to  affect  the  pulse,  digitalis  was  equally  ineffective.  The  chain 
of  evidence  thus  seemed  complete  ;  both  in  animals  and  man  stimulation 
of  the  vagus  nerve  slows  the  pulse  whether  the  rhythm  is  normal  or 
fibrillating  ;  digitalis  also  reduces  the  pulse  in  animals  and  man,  and  in  the 
normal  rhythm  does  so  mainly  through  vagus  stimulation,  as  is  shown  by  the 
acceleration  when  the  inhibition  is  removed  by  atropine  ;  further  in  one  case 
of  auricular  fibrillation  (Wenckebach)  in  which  digitalis  was  ineffective, 
vagus  stimulation  also  failed  to  reduce  the  pulse.  It  remained  only  to 
perform  the  crucial  experiment  of  eliminating  the  inhibition  during  the  action 
of  digitalis  in  auricular  fibrillation. 

CASE  6.  S.W.,*  aged  35,  female,  was  admitted  on  July  the  26th,  1910,  complaining  of  short- 
ness of  breath  and  throbbing  of  the  heart.  There  was  no  definite  history  of  rheumatism.  Auricular 
fibrillation  with  a  rapid  irregular  pulse  125  per  minute  was  diagnosed.  Digitalis  reduced  the  pulse 
to  66  per  minute  and  relieved  her  symptoms  but  induced  headache  and  nausea,  and  when  it  was 
stopped  the  pulse  soon  rose  to  over  100. 

On  December  the  9th  (Fig.  7,  A)  she  had  been  off  all  drugs  for  eight  days,  and  the  pulse  rate 
had  risen  to  between  90  and  100  per  minute.  A  tracing  was  taken,  and  atropine  sulphate,  1/50  gr., 
was  injected,  and  the  pulse  rate  recorded  by  the  polygraph  (Fig.  7,  A).  It  began  to  rise  in  twelve 
minutes  after  the  injection,  and  then  maintained  a  rate  varying  from  134  to  144  per  minute. 
Dryness  of  the  throat  was  complained  of  in  eighteen  minutes.     Increase  of  rate,  44  per  minute. 

She  was  then  placed  on  digitalis,  and  had  taken  5  dr.  by  December  tlie  16th,  and  this  amount 
had  produced  nausea  and  severe  headache.     Pulse-rate  liad  fallen  to  60-()4  per  minute.     The 


•Cited  by  Silberberg,  CASE  1. 


ACT  ION    OF    DIGITALIS. 


43 


tracing  was  taken  as  before,  and  the  same  dose  of  atropine  sulphate,  1/50  gr.,  given.  The  pulse- 
rate  began  to  rise  in  nine  minutes,  and  reached  a  rate  of  76-84  per  minute  (Fig.  7,  B).  Increase, 
18  per  minute.     Throat  dry  in  twenty-two  minutes.     For  Summarj^  see  Table  1 
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Fig.  7.     {CASE  6). 
(5  dr.). 


Chart  of  pulse  rate  under  atropine.   A,  without  digitalis.    B,  after  digitalis 


CASE  7.  H.G.,*  aged  24,  male,  carman,  was  admitted  on  January  the  23rd,  1  'Jl  I ,  complaining 
of  shortness  of  breath,  palpitation,  and  cough.  History  of  rheumatic  fever  and  oedema. 
Diagnosis  of  mitral  stenosis  and  auricular  fibrillation. 

On  January  the  31st  (Fig.  8,  A),  atropine,  1/50  gr.,  was  given  and  increased  the  pulse  from 
76-86  per  minute  to  an  average  rate  of  130-140,  maximum  150.     Increase,  53  per  minute. 

The  pulse  fell  to  60  after  seven  dajs  of  digitalis  treatment,  and  on  February  the  2Ist  (Fig. 
8,  B),  when  15  dr.  of  digitalis  had  been  taken,  atropine  1/50  gr.,  was  given  and  produced  a  rise 
from  66-72  to  74-86.     Increase,  11.     Throat  dry  in  23  minutes. 

On  February  the  24th  (Fig.  8,  C),  after  18  dr.  of  digitalis,  the  pulse  was  54-60,  and  atropine, 
1/25  gr.,  increased  it  to  76-84.     Increase  23.     Throat  dry  in  20  minutes. 

The  1/25  gr.  atropine  in  this  second  observation  is  in  the  natiu-e  of  a  control,  and  as  the 
maxiruum  pulse-rate  is  no  higher  than  with  1  /50  gr.,  one  may  consider  that  1/50  gr.  is  a  sufficient 
quantity  to  fully  remove  vagal  inhibition.     For  Summary,  see  Table  1. 


CASE  8.  C.W.,t  female,  aged  42,  acrobatic  dancer,  was  admitted  on  March  the  oth,  1911, 
complaining  of  shortness  of  breath  on  exertion  during  the  last  two  years.  History  of  acute 
rheumatism.  Mitral  stenosis  and  auricular  fibrillation.  Heart-rate,  90-112,  not  slowing  on  rest 
in  bed. 

On  March  the  15th  atropine  sulphate  (1/50  gr.),  increased  the  rate  from  120-130  to  180-190 
per  minute  (apex  tracing).     Increase  of  rate,  60  per  minute. 

Tincture  of  digitalis,  20  m.  t.d.s.,  induced  nausea  and  reduced  the  pulse  to  68  in  seven  days 
and  had  to  be  stopped  owing  to  nausea.  Some  days  later  when  nausea  was  still  present  atropine 
(1/50  gr.)  increased  the  pulse  from  70  to  90-96  per  minute.  Increase,  23.  Throat  dry  in  13 
minutes.     Summary  given  in  Table  I. 


*CASE  2,  Silberberg. 
t  CASE  3,  Silberberg. 
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I''ig.  8.     (CASE  7).     Chart  of  pulse  rate  under  atropine, 
tincture  digitalis.     C,  after  18  drs.  tincture  digitalis. 


A,  before  digitalis.     B,  after  15  drs. 


CASE  9.  D.W.,*  female,  aged  17,  was  admitted  on  October  the  26th,  1910.  History  of 
chorea  and  rheumatic  fever.  Mitral  stenosis  and  auricular  fibrillation,  pulse  144.  Some  oedema 
of  lungs  and  marked  dyspnoea.  She  I'esponded  rapidly  to  digitalis,  her  pulse  showing  prompt  and 
marked  slowing  under  its  influence.  On  several  occasions  it  induced  long  periods  of  coupled 
beats,  36-40  at  the  wrist,  72-80  at  the  apex. 

On  December  the  1st  under  digitalis  the  heart-rate  was  76-78,  coupled  rhythm  (apex  tracing). 
Atropine  sulphate,  1/50  gr.,  caused  dryness  in  the  throat  in  ele\en  minutes  and  the  pulse-rate 
began  to  rise  in  nineteen  minutes  and  reached  86-92  per  minute,  and  the  coupled  rhj'thm  began 
to  break  from  this  time  onwards,  so  that  there  were  phases  of  non-coupled  beats  mixed  with 
occasional  coui)les.  The  continuous  coupled  rhythm  returned  in  about  three  hours  after  the 
injection. 

The  injection  was  rej^eated  the  following  day  and  gave  a  similar  result.  She  was  allowed  to 
come  out  of  the  influence  of  digitalis,  and  on  December  the  14tli  (twelve  daj's  later)  her  heart-rate 
varied  from  110-130  per  minute,  irregular,  with  occasional  coupled  beats. 

Atropine,  1/50  gr.,  increased  the  rate  to  170-176  per  minute  after  ten  minutes,  this  rate 
beginning  to  pass  off  in  an  hour,  and  finally  slowing  to  about  120.  There  was  an  occasional 
coupled  beat  present  even  at  this  very  rapid  rate.  Increase  in  rate,  53  per  minute,  as  opposed 
to  12  while  under  digitalis.     See  Table  1. 


*  CASE  4,  Silberberg;    CASE  5,  Mackenzie. 
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CASE  10.  W.W.,*  male,  aged  3o,  was  admitted  on  February  the  18th,  1910,  complaining 
of  shortness  of  breath  and  swelling  of  the  legs.  History  of  rhemnatie  fever  twice  and  of  sudden 
seizure  with  shortness  of  breath  and  tightness  across  the  chest.  Diagnosis  of  mitral  stenosis 
and  auricular  fibrillation  with  dyspnoea,  oedema  and  enlarged  and  pulsating  liver.  Pulse  rapid 
and  irregular,  about  90  per  minute.  He  always  gave  a  prompt  reaction  to  digitalis  as  regards 
slowing  of  the  pulse,  though  it  produced  severe  headache. 

On  December  the  9th  he  had  been  without  drugs  for  six  full  dajs.  His  pulse  rate  was  70-80 
per  minute.  An  injection  of  1  '50  gr.  atropine  was  given  hypodemiicallj^  and  the  pulse  began 
to  rise  in  twelve  minutes  and  finally  reached  90-100  per  minute.  Dryness  of  the  throat  came  on 
in  about  twenty  minutes.     Increase  in  pulse  rate,  20  per  minute. 

On  December  the  11th  he  was  put  on  tincture  of  digitalis,  at  first  20  m.  t.d.s.,  and  after 
three  days  on  10  m.  t.d.s.  On  December  tlie  21st  he  complained  of  severe  headache  and  had 
vomited ;  he  had  then  taken  3i  dr.  Pulse  rate,  58-60  ;  atropine  was  injected  and  it  began  to 
rise  in  sixteen  minutes,  and  reached  84-92,  an  increase  of  29  per  minute.     (Table  1.) 

CASE  11.     A.M.,t  male,  aged  67.     Cardio-sclerosis  and  auricular  fibrillation. 

On  February  the  27th,  1911,  atropine,  1/25  gr.,  increased  the  pulse  from  118-122  per  minute 
to  120-132,  an  increase  of  6  per  minute. 

On  March  the  4th  he  was  put  on  tincture  of  digitalis,  20  m.  t.d.s.  ;  it  produced  nausea  and  was 
stopped  on  March  the  13th.  Atropine,  I  '50  gr.,  now  raised  the  pulse  rate  from  64-74  to  68-74  ; 
average  increase,  2  per  minute.     (Table  1.) 

CASE  12.  W.,  cannan,  aged  45.  Xo  history  of  rhemnatism,  chorea  or  venereal  disease. 
Healthy  till  1905.  Then  dyspnoea  and  pain  in  epigastric  region,  especially  after  exertion.  Since 
1908  some  swelling  of  ankles  which  always  disappeared  on  rest.  Lately  worse,  and  since  two 
weeks  severe  palpitation. 

Marked  cyanosis,  no  orthopnoea.     Some  icterus  and  lung  oedema. 


MINUTES 

0               lO            20           30*0          50                                             J 

PULSE 
RATE 

I20 

no 

(00 
90 
60 
70 
60 
50 
•4-0 

- 

- 

~ 

1 

^-V 

v\ 

1 

'-_ 

\f 

/ 

^ 

Auj  II"' 

" 

/ 

I 

£ 

- 

• 

' 

- 

■ 

t 

1 

i               : 

" 

1             ' 

.      1 

:                   "'_ 

«,. 

> 

• 

■»•- 

'        1       : 

■ 

• 

; 

1 

1 
1 

- 

Fiq    9, 


Fig.  9.     Chart  of  pulse  rate  ((7^S£  12). 
the  22nd,  under  digitalis, 


August  the  1 1th,  before  digitalis, .     September 


Heart  reached  third  space  IJ  in.  to  right,  6  in.  to  left  of  sternum.  Diastolic  thrill  at  apex, 
and  loud  musical  systolic  bruit  and  faint  diastolic  at  apex.  Pulse  100  per  minute,  and  jjolygraph 
showed  auricular  fibrillation.  No  precordial  tenderness.  Base  of  left  lung  dull  and  fine 
crepitations  on  both  sides,  esi)ecially  on  the  left.  Liver  dulness  2  in.  below  ribs  and  some  tender- 
ness over  it.     Moderate  oedema  in  both  feet. 

Admitted  July  the  19th.  Developed  carbuncle  which  was  incised  and  healed.  Temperature 
normal  August  the  8th.     Oedema  had  disappeared  but  palpitation  remained. 

August  the  11th,  atropine  1/50  gr.,  raised  the  pulse  from  100-110  to  110-115  (Fig.  9). 


*  CASE  5,  Silberberg. 
\CASE  6,  SUberberg. 
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August  the  loth.  Tincture  digitalis  in.  20,  t.d.s.  was  ordered.  The  apex  beat  was  then 
105-109,  but  fell  to  75  on  the  21st,  and  to  60  on  the  2(ith.  There  was  no  longer  palijitation  and 
considerable  improvement  of  the  other  s^^nptoms  had  occurred. 

August  the  30th.  Apex  50.  Some  nausea  and  headache  was  complained  of  and  these 
increased  on  September  the  1st  when  the  jiulse  was  50  per  minute  with  some  coupled  beats. 
Digitalis  was  stojjped  owing  to  vomiting  and  depression. 

September  the  5th.     Pulse  54.     Headache  and  nausea  disappeared. 

September  the  1 1th.  Digitalis  resumed.  Pulse  76,  and  fell  to  55  on  the  I4tli  and  symptoms 
were  much  improved. 

September  the  20tli.     Pulse  55-70  (since  the  loth). 

September  the  22nd.  Pulse  52.  Injection  of  atropine,  1/50  gr.,  increased  pulse  rate  to 
56-59  (Fig.  9).  Pulse  later  remained  60-70  until  October  the  14th  when  he  returned  to  work. 
(Summary  given  in  Table  1.) 

CASE  13.  H.F.C.,  hatter,  aged  50.  Chorea  at  6  years  of  age.  No  history  of  rheumatic 
fe\er  or  syphilis.  In  1908  suffered  from  palpitation  on  exertion.  In  1909  had  jineujuonia  and 
has  been  under  treatment  for  heart  disease  since.  This  led  to  improvement  until  three  weeks 
ago  when  he  found  the  dyspnoea  increasing  and  the  feet  beginning  to  swell.  Admitted,  July  the 
17th,  1911. 

The  patient  complained  of  giddiness  and  breathlcssness,  especially  on  exertion.  There 
was  some  tenderness  over  the  liver,  some  csdema  of  the  feet,  slight  emphj'sema  with  fine  crepita- 
tions over  the  base  of  the  lungs.  The  heart  inijjulse  was  in  the  fifth  and  sixth  interspace.  Dulness 
extended  one  inch  to  the  right  and  65  inches  to  the  left  of  the  sterniun.  Mitral  systolic  murmur 
at  apex  which  was  transmitted  to  base.  Polygraph  tracings  showed  fibrillation  of  the  auricles, 
and  a  pulse  rate  of  120-125,  increased  to  160  after  climbing  stairs.  Urine,  41  ozs.  Little 
improvement  was  observed  from  fourteen  days  rest  in  bed,  the  j^ulse  remaining  at  125-130, 
the  urine  sinking  to  31  ozs.,  but  the  dj-spncea  being  less  marked. 

July  the  29th.     Atropine,  1/50  gr.,  increased  the  pulse  from  104-112  to  148-159  per  minute. 

July  the  31st.     Digitalis  tincture,  m.  20  t.d.s. 

August  the  5th.  Slight  giddiness  and  nausea.  Pulse  75  per  minute,  rising  to  80  on  climbing 
stairs. 

August  the  12th.  Some  nausea.  Pulse  61,  rising  to  65  on  clunbing  staii-s.  Bases  of  lungs 
clear  and  no  oedema  anywhere.  Slight  precordial  tenderness.  Digitalis  stopped.  An  injection 
of  atropine  (1/25  gr. )  caused  preliminary  slowing  followed  by  a  rise  in  the  pulse  to  74-84  from  an 
original  rate  of  64-69.     (See  Table  1.) 

CASE  14.  C,  Italian,  aged  27,  asi^halter.  Admitted  May  the  30th,  1911.  Rheumatic 
fever,  1900  and  1902.  1904  heart  disease,  and  has  since  had  attacks  of  shortness  of  breath  and 
swelling  of  legs  in  1909,  1910  and  1911. 

Considerable  dyspnoea,  moderate  anasarca.  Heart  reached  to  third  rib,  1|  inches  to  right 
of  sternum,  9  inches  to  left  ;  difJuse  unpulse  in  sixth  and  seventh  spaces.  Murmurs  at  apex, 
systolic  and  diastolic.  Aortic  base,  loud  systolic.  Pulmonary  base,  second  sound  accentuated. 
Dulness  did  not  change  with  posture.  Rhjtlun,  total  irregularity  80  per  minute.  Polygraph 
tracing  sliowed  auricular  fibrillation.  Liver  3  inches  below  costal  arch  in  mid- clavicular  line. 
Some  tenderness  over  precordium  and  epigastrium.  Moderate  oedema  of  both  lungs.  Probably 
under  digitalis  when  admitted.  Occasional  trace  of  albumen  in  urine.  Rest  in  bed  for  a  week 
improved  general  condition.  Oedema  disappeared  except  from  lungs.  No  tenderness  anvwhere. 
Pulse  83. 

June  the  7th.  Atropine  (1/50  gr. )  injected,  raised  pulse  from  87  to  130-140  (Fig.  10). 
Digitalis  m.  20  t.d.s.  was  ordered  and  he  c^uickh-  responded,  the  pulse  falling  to  76  on  the  8tli 
and  to  73  on  the  9tli. 

June  the  12th.  Pulse  66.  Atropine  (1/50  gr.)  injected,  and  pulse  rose  from  68  to  102 
(Fig.   10). 

June  the  16th.     Pulse  62.     Atropine  (1,50  gr. )  raised  pulse  from  65  to  80-84  (Fig.  10). 

June  the  19th.  Pulse  60.  Patient  began  to  complain  of  nausea,  which  was  worse  on  the 
20th. 

June  the  21st.  Depression  and  nausea.  Pulse  53.  Digitalis  stopped.  Atropine  ( 1 /50  gr. ) 
raised  pulse  from  57  to  76  (Fig.  10). 

June  the  24th.     Dyspnoea  increased.     Pain  in  epigastrium. 

June  the  26th.     Atropine  (1/50  gr.)  raised  the  pulse  from  74-76  to  84-86  (Table  II.) 

June  the  27th.     Sjinjitoms  more  marked.     Pulse  66-70. 

Julv  the  1st.     Pidse    70.     Dyspnoea  increased   and   occasional   palpitation. 

July  the  3rd.     Pulse  84.     Atropine  (1/50  gr.)  increased  it  to  93.     (Table  II.) 

Julv  the  ISth.     Pulse   100.     Considerable  palpitation. 

July  the  21st.     Atropine  (1/50  gr.)  raised  pulse  from  96-98  to  140-145.     (Table  II.) 

Case  continued  by  strophanthin  (intravenous). 

CASE  15.  B.H.,  aged  14.  No  historj'  of  rhevunatism,  scarlet  fever  or  chorea.  Illness  is 
dated  from  fii-st  nienstrual  period  three  or  four  months  before  admission,  since  when  she  has  had 
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Fig  ID. 

Fig.   10.     {CASE  14).    Chart  of  pvilse-rate  under  atropine. 

June  the  7th. preWous  to  digitalis  treatment. 

June  the  12th.  o — o — o  after  4^  drs.  digitalis  tincture. 

June  the  16th.  _______  after  9  drs.  digitalis  tincture. 

June  the  21st.  ——^—  after  14J  drs.  digitalis  tincture. 
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Fig.   li.     (CASE  15).     Chart  of  the  pulse  rate  under  atropine.     A,  before  digitalis  (September 
the  8th).     B,  under  digitalis  (September  the  28th). 
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frequent  vomiting.  But  she  has  always  been  short  of  breath,  getting  worse  since  May,  1911. 
Recently  noticed  swelling  of  feet  and  abdomen,  and  cough.  She  had  apparently  been  taking 
digitalis  before  admission. 

On  admission  (August  the  28th)  some  cyanosis  and  dysi)ncea.  Heart  l\  inches  to  right  and 
(J  inclies  to  left  of  middle  line,  extending  to  third  rib.  Apex  beat  in  sixth  space.  Pulse  rate 
about  88,  fairly  regular,  but  the  polygraph  showed  auricular  fibrillation  to  be  present.  Shifting 
dulness  in  flanks,  oedema  of  legs  and  face.  Liver  extends  2  inches  befow  tlie  costal  arch  and 
there  is  tenderness  over  it.  Urine  averaged  17  oz.  with  some  albumen.  Weight  on  admission 
7  stone  8^  lbs.,  and  had  now  risen  to  7  stone  10^  lbs.,  and  there  was  increased  ascites  and  oedema 
of  the  forearms.  Rest  in  bed  until  September' the  8th.  Heart-rate  had  cjuickened  to  115-120 
per  minute.  Urine  very  scanty,  5-10  oz.  Atropine  (1/50  gr. )  injected  hypodermically  increased 
the  pulse  from  120  to' 160  per  minute  in  30  minutes  (Fig.  11).  Ordered  tincture  digitalis 
m.  20  t.d.s. 

September  the   11th.     She  had  improved  rapidly. 

September  the  12th.  Headache  and  depression.  Apex  sliows  almost  comijlete  bigeminus 
of  70-80  per  minute.  The  radial  pulse  was  about  45,  only  about  half  the  heart  beats  being 
transmitted.     Digitalis  reduced  to  m.  10  t.d.s. 

Seiitember  the  14th.  Ajiex  70.  The  urine  had  increased  up  to  an  average  of  45  oz.  and 
the  weight  had  fallen  to  5  stone  Hi  lbs. 

September  the  15th.     Digitalis,  m.   15  t.d.s. 

September  the  18th.  Dyspnoea  and  oedema  gone.  Apex  beat  05.  Still  bigeminus. 
Felt  well. 

September  the  21st. 

September  the  22nd. 

September  the  26th. 


Allowed  to  get  up  out  of  bed. 
Digitalis,  ni.  20  t.d.s. 

Improvement  continued.     Apex  beat,  80.     Radial  40,  very  powerful 
pulsations.     Complete    bigeminus    (Fig.  12).     Liver  scarcely  palpable. 

September  the  27th.     Frontal  headache  and  vomiting.     Apex  beat  75.      Digitalis  stopped. 
Urine  decreased  to  average  of  1 1  oz.  per  day. 

September  the  28th.     Atropine  (1/50 gr.)  raised  the  pulse  from  71-79  to  74-81.      Bigeminus 
pulse  remained  vm changed.  (Fig.  11). 

October  the  3rd.     Has  now  no  nausea  or  headache.     Apex  beat  85.     The  case  was  treated 
later  by   strojshanthin  intravenously. 

Fig.   12.     Apex  and  radial  pulse  in  CASE  15,  showing  bigeminus  apex. 


Simmmry  and  discussion. 

Table  I. 

Kale  of  relea^ed^' 

Rate  of  released* 

Case. 

Rate  witlioiit 
digilalis. 

heart  williout 
digitalis. 

Kate  under 
digitalis 

heart  under 
digitalis. 

6 

90-100 

134-144 

60-64 

76-84 

'1? 

76-86 

130-140 

66-72 

74-86 



54-60 

76-84 

8 

120-130 

1 80- 1 90 

70 

90-96 

9 

110-130 

170-176 

76-78 

86-92 

10 

70-80 

90- 10(1 

58-60 

84-92 

11 

118-122 

120-132 

64-74 

68-74 

12 

106-110 

124 

52 

55-59 

13 

104-112 

148-159 

64-69 

74-84 

14 

83-87 

130-140 

57 

76 

15 

120 

160 

71-79 

74-81 

*  i.e..  Heart  released  from  inhibitory  control  by  the  injection  of  atropine 
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In  all  these  ten  cases  of  auricular  fibrillation  digitalis  caused  very  distinct 
slowing  of  the  pulse  along  with  general  improvement  in  the  symptoms, 
but  the  auricular  fibrillation  continued  unchanged.  Atropine  accelerated 
the  pulse  greatly  before  the  digitalis  treatment  except  in  CASE  11,  i.e.,  the 
heart  was  held  in  check  in  all  (except  No.  11)  by  a  well  developed  tone  of  the 
inhibitory  mechanism.  If  the  slowing  of  the  pulse  under  digitalis  had  been 
due  to  an  exaggeration  of  this  tone,  we  should  have  expected  the  heart 
released  by  atropine  from  control  to  attain  the  same  rate  under  digitahs 
as  before  treatment  :  in  other  words  the  numbers  in  columns  2  and  4  of  the 
table  should  have  been  approximately  equal  in  each  case.  The  results 
indicate  clearly  that  the  slowness  of  the  heart  under  digitalis  in  these  cases 
of  auricular  fibrillation  does  not  arise  from  an  excitation  of  the  inhibitory 
mechanism,  but  from  some  action  on  the  heart  itself. 

The  rate  of  the  heart  is  under  inhibitory  control  in  these  cases  both  before 
and  during  the  digitahs  treatment,  for  atropine  accelerates  it  ;  it  may  be 
inferred  that  the  inhibitory  mechanism  is  intact  in  these  hearts  and  is  not 
disorganised  by  digitahs.  But  if  the  amount  of  control  exercised  by  the 
inhibitorv  centre  mav  be  measured  bv  the  acceleration  which  follows  its 
elimination  by  atropine,  it  is  found  that  the  slow  heart  under  digitahs  is 
actually  in  a  less  state  of  repression  than  before  it  in  all  these  cases  except  in 
CASES  10  and  11.  in  which  the  acceleration  is  comparatively  slight  before 
treatment.  The  same  result  is  reached  if  instead  of  the  actual  number  of 
beats  the  percentage  augmentation  is  taken.  The  curious  result  is  reached 
therefore  that  the  slow  pulse  of  digitalis  in  auricular  fibrillation  is  not  only 
not  due  to  an  increase  in  the  control  exercised  by  the  inhibition  (or  inhibitory 
stimulation)  but  is  actually  accompanied  by  a  decreased  activity  of  that 
mechanism  in  many  cases.  This  change  in  the  activity  of  the  inhibition 
accompanying  the  change  in  the  rate  of  the  pulse  was  followed  more  closely 
in  CASE  14  (see  Table  2). 


Table  II.        {CASE  14.) 


Kate  of  pulse 

Rate  of  pulse 

Amiiunt  of 

Percentage 

withriut  atropine. 

after  atropine. 

acceleration. 

acceleration. 

Before  digitalis 

83-S7 

1 30- 1 40 

.")0 

59 

6  days  digitalis 

68 

102 

34 

50 

10      „         „ 

6.5 

82-84 

18 

28 

l.'i      „         ,. 

")7 

76 

19 

33 

5      ,,  without 

74-76 
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Here  the  control  exercised  by  the  inhibitory  mechanism  (columns  3  and 
4)  is  seen  to  fall  with  the  decreasing  rate  of  the  heart  by  digitalis  and  to  rise 
roughly  with  the  increasing  rate  of  the  heart  when  digitahs  is  abandoned. 
The  amount  of  acceleration  under  atropine  in  this  case  gave  an  indication 
of  the  improvement   under  digitalis,   the   acceleration  lessening   with  the 
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improvement  and  increasing  as  the  patient  relapsed.  The  same  point  Mas 
noted  in  other  patients,  so  that  it  seemed  possible  to  use  atropine  as  a 
gauge  of  the  efficacy  of  the  treatment. 

These  cases  show  that  when  the  digitalis  action  has  been  developed 
in  auricular  fibrillation  the  slowness  of  the  ventricle  and  pulse  is  not  due  to 
stimulation  of  the  inhibitory  mechanism. 

Strophanthm  in  auricular  fihriUation.  How  little  the  inhibitory  action 
is  involved  in  the  sloAving  of  the  heart  in  auricular  fibrillation  was  further 
demonstrated  in  some  observations  on  the  intravenous  injection  of 
strophanthin.  For  this  purpose  we  injected  1/250-1/100  gr.  of  strophanthin 
into  the  median  vein  in  the  usual  way,  the  actual  injection  occupying  about 
two  minutes  in  each  case.  The  radial  pulse  or  the  apex  beat  Avas  registered 
continuously  by  the  polygraph  for  20-30  minutes  before  the  injection  and  for 
4  to  6  hours  afterwards.  The  improvement  in  the  condition  of  the  patient 
and  the  reduction  of  the  pulse  from  these  injections  was  very  rapid,  as  much 
progress  occurring  in  4-8  hours  after  an  injection  of  strophanthin  as  in  3-4 
days  treatment  with  digitalis  or  strophanthus  by  the  mouth.  In  a  number 
of  these  observations  1/50  gr.  of  atropine  was  injected  subcutaneously  before 
or  immediately  after  the  intravenous  injection  of  strophanthin  without 
materially  altering  the  progress  of  the  case. 
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Fig.   13.     {CASE  14).     Chart   of  pulse  rate  on   July   the   20th,  strophantliin  alone -. 

On  October  tlie  1 2th  atropine  alone,  o — o — o.    On  October  tiie  20th  atropine  and  strophanthin 

Atropine  was   injected    on  October  the  12th  and  20tli  at  tlie  point  marked  0 

on  the  abscissa.  Strophanthin  on  July  the  29th  and  October  the  20th  at  tlie  ])oint  marked  30. 

CASE  14,  continued. 

July  the  29th.     Pulse   for   three   days   had   been    120-125.     An   intravenous  injection   of 
1/250  gr.  strophantliin  was  made  in  the  course  of  two  minutes  (Fig.  13),  the  pulse  at  the  time  being 
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quickened  to  140  from  excitement.  In  10  minutes  the  pulse  fell  to  117  and  continued  to  fall 
rapidly  at  first  and  then  more  slowly,  reaching  94  in  30  minutes,  00  in  (30  minutes,  89  in  2  hours, 
85  in  3  hours,  80  in  4  hours,  at  which  it  remained  up  to  0  hours.  July  the  30th,  pulse  84.  July 
the  31st,  pulse  88.     August  tlie  1st,  pulse  94. 

It  then  rose  again  gradually  till  after  14  days  it  was  100-110.  Strophanthus  tincture  was 
given  by  the  mouth  on  August  the  lOth,  but  caused  vomiting  and  was  stopped  on  the  18th  when 
the  pulse  was  about  55. 

September  the  5th.  Pulse  110.  Atropine  (1/50  gr.)  accelerated  it  to  200.  After  this  had 
lasted  7  minutes  1/250  gr.  strophanthin  was  given  intravenously.  Ten  minutes  later  the  pulse 
was  1 78,  and  in  30  minutes  KiG.  In  an  liour  after  the  injection  of  strophanthin  the  pulse  was  140, 
in  2  hours,  135,  in  3  hours,  120.  Seven  hours  after  the  strophanthin  injection  the  pulse  was  80 
and  remained  at  this  rate  for  six  days. 

Tincture  digitalis  was  given  from  September  ths  12th  to  21st,  and  the  pulse  remained  84-90 
throughout,  but  rose  to  100  again  soon  after  the  digitalis  was  omitted. 

October  the  12th,  12.24  p.m.,  atropiiae  (1  '50  gr.)  (Fig.  13)  raised  the  pi-Use  from  80  to  102  by 
12.50,  and  it  remained  over  100  till  1.24  The  rate  then  fell  to  90  (2.30).  3  p.m.,  89  ;  4  p.m.,  88'; 
5  p.m.,  80. 

October  the  20th.  Pulse  88  (Fig.  13).  Atropine  (1/50  gr.)  injected  at  1  p.m.  1.30,  pulse 
122-130,  1/250  gr.  strophanthin  injected  intravenously.  2  p.m.,  pulse  100  ;  2.  30  p.m.,  pulse  90  ; 
3  p.m.,  pulse  88  ;  3.30  p.m.,  pulse  79  ;  4  p.m.,  pulse  79  ;  5  p.m.,  pulse  79,  1/50  gr.  atropine  ; 
5.13  p.m.,  pulse  93  ;  5.50  p.m.,  pulse  93. 

In  this  case  the  previous  injection  of  atropine  did  not  prevent  the 
subsequent  intravenous  injection  of  strophanthin  from  slowing  the  pulse. 

CASE  16.  S.R.,  female,  aged  35.  She  had  been  treated  previously  in  the  hospital  in  1910 
for  heart  disease.  The  rhythm  was  then  normal  and  digitalis  had  no  apparent  effect  on  the  heart 
and  blood  pressure.  (See  Mackenzie,  CASE  20).  She  kept  fairly  well  after  her  discharge  from 
the  hospital  on  May  the  23rd  until  October,  1911,  when  she  began  to  suffer  from  cough  and 
increasing  dyspnoea.  The  precordial  pain  had  returned  and  also  swelling  of  the  feet.  Admitted 
January  the  3rd,   1912. 

Desperately  ill.  Orthopnoea.  Deeply  cyanosed.  Icteric  colour.  Considerable  ascites, 
Heart-rate  140-150,  irregular.  Auricular  fibrillation.  Lungs,  fine  crepitation  everywhere. 
Liver  enlarged.  Urine  scanty,  8  oz.,  with  some  albumen.  She  could  hold  her  breath  onh^  four 
seconds.  Rest  in  bed  was  ordered,  and  improved  the  symptoms,  the  heart  rate  falling  to  90,  and 
the  urine  rising  to  25  oz.  and  then  gradually  decreasing. 

January  the  18th.  Sudden  relapse.  Liver  large  and  tender.  Heart -rate,  130-145. 
Constant  cough.     Brandy  H  oz.  and  1/0  gr.  morphin. 

January  the  19th  (Fig"  14).  Vomiting.  Liver  extremely  tender,  below  umbilicus.  No 
ascites.     Lungs  :    bases  dull,  and  rales  and  crepitations  general. 

At  2.20  p.m.  Heart,  140-150.  No  defined  apex  beat.  Record  of  polygraph  taken  from 
epigastrium. 

3  p.m.      1/100  gr.  strophanthin  injected  intravenously  in  12  minutes. 

3.17  p.m.  Heart  110  per  minute.  The  epigastric  pulsation  disappeared  about  3.20,  and 
the  apex  impulse  was  now  well  marked  and  used  for  polygraph. 

3.30  p.m.     Heart  80  jier  minute  and  bigeininus. 

4.6  p.m.  Heart  74.  Patient  very  greatly  improved,  vomiting  ceased.  Dyspnoea,  which 
was  very  marked  before  injection,  relieved.  Slept  well.  Heart  remained  about  80-90  next 
morning.     Cougli  better.     Nausea  disappeared. 

January  the  21st.  Heart  92.  Liver  had  receded  and  was  now  only  half  an  inch  lower  than 
costal  margin.     No  tenderness  over  liver  but  slight  tenderness  over  precordium.     Less  icterus. 

January  the  26th.  Had  remained  fairly  well  since  the  20th,  but  heart  rate  now  began  to  rise, 
reaching  116.     Respiration,  30  per  minute. 

January  the  29th.     1/250  gr.  strophanthin  injected  intravenously  again  reduced  pulse  to  75. 

January  the  30th.     General  condition  improved.     Pulse  84. 

January  the  31st.     Pulse   110  or  more. 

February  the  1st.  Condition  very  much  the  same  as  on  Januarj-  19th.  Vomiting,  great 
tenderness  o\er  li\er  and  extensive  pulsation  in  epigastrium  from  which  a  polygraph  tracing  was 
obtained. 

7.10-7.30.     (Fig.   14).     Rate  150  per  minute  on  the  average. 

7.30  l/2.")0  gr.  strophanthin  injected  intravenously  in  two  minutes.  Inunediately  followed 
by  1/50  gr.  atropine  hyj)odermically. 

7.50.  Heart  1 10  j)er  minute.  Epigastric  pulsation  Jiad  disappeared,  the  apex  beat  becoming 
distinct. 

8.00.     Pupils  widolv  dilated,  and  she  complained  of  thirst  and  dryness  of  throat. 

8.30.     Pulse  still    110. 

February  the  2nd,     Pulse  94,  and  general  improvement  as  on  previovis  occasion. 
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Fig.   14.     Chart  of  pulse  rate  {CASE   16).     January  the   19th, strophanthin  alone. 

February  the  1st Strophanthin  and  atropine. 

In  this  case  the  chart  (Fig.  14)  shows  the  fall'in  the  heart  rate  to  be  the 
same  in  character  whether  atropine  was  given  or  not.  The  pulse  was  not 
reduced  to  quite  the  same  extent  on  the  day  on  which  atropine  was  injected 
but  the  dose  of  strophanthin  was  only  two-fifths  of  that  previously  used. 

CASE  15,  continued. 

October  the  10th.  Increasing  dyspnoea,  but  felt  moderately  well  with  gradually  accelerating 
pulse  rate. 

October  the  24th.     Pulse  of  128  for  30  minutes  and  then  rose  to  155  from  excitement, 

1.25.     Strophanthin  (1/250  gr. )  intravenously  injected  (Fig.  15). 

1.35.  Pulse  115  and  remained  at  105-110  until  2.30,  then  began  to  ri.se  and  had  reached 
125  at  3.00.  When  preparations  for  another  injection  were  made  it  rose  to  155  and  was  beating 
at  this  rate  when  the  second  injection  was  given. 

3.30,  pulse  125  ;   4.30.  pulse  110  ;   5.00,  pulse  113. 

October  the  25th.     Pulse  90. 

October  the  31st.  Pulse  had  now  risen  to  120.  Tincture  strophanthus  m.  20  t.d.s.  was 
ordered  and  reduced  the  rate  to  100  in  two  days,  and  to  50  (apex)  in  three  days  with  some 
bigeminus.  Nausea  and  vomiting  began  and  stroplianthus  was  stopped,  only  3  drs.  having  been 
given  altogether. 

November  the   12th.     Felt  fairly  well  but  dyspnoea  increasing. 

November  the   13th.     Dyspnoea  inuch  increased  and  pulse  130-135.       Urine  averaged  15  oz. 

2.45.  Injection  of  atropine  (1/50  gr. )  caused  preliminary  slowing  of  pulse  and  then 
accelerated  it  to  170  after  3.20.     (Fig.   15). 

3.30.  1/250  gr.  strophanthus  injected  intravenously  and  after  3.40  the  pulse  had  fallen 
to  143  and  severe  headache  was  complained  of.  During  the  next  hour  it  fell  to  135  (4.40).  A 
more  rapid  fall  then  occurred  so  that  at  5.15  the  pulse  was  110,  and  at  7.00  105. 

November  the   14th.     Pulse  108-110. 


In  this  case  (Fig.  15)  the  fall  induced  by  strophanthin  was  similar  in 
character  whether  atropine  had  been  injected  or  not,  but  its  extent  was 
very   much    smaller   after   atropine.     This   is    not  due   to   the  two  drugs 
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antagonising  each  other,  but  arises  from  the  fact  that  the  normal  inhibition 
was  in  play  throughout  the  strophanthin  action  in  the  one  case,  wliereas  it 
was  eliminated  when  atropine  had  been  injected  previously. 
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under  stroplianthin  and  atropine  Xovein})pr  the  13th  ( — 


-)  on  October  the  24th,  and 


Summary  of  strophanthin  cases. 

In  these  three  instances  the  reduction  in  the  rate  of  the  pulse  and  the 
Improvement  in  the  general  condition  were  not  prevented  by  the  elimination 
of  the  inhibitory  mechanism  by  atropine.  It  is  true  that  in  some  instances 
the  pulse  was  not  so  slow  two  or  three  hours  after  the  combined  action  of 
strophanthin  and  atropine  as  at  the  corresponding  period  after  stroiDhanthin 
alone,  but  this  is  due  to  the  fact  that  in  the  latter  case  the  ordinary  degree 
of  inhibition  was  present,  while  under  atropine  this  was  eliminated.  The 
curve  of  the  fall  in  pulse  rate  was  the  same  after  strophanthin  whether 
atropine  \\as  injected  or  not,  and  strophanthin  slows  the  heart  even  Ashen 
the  inhibition  is  put  out  of  action. 


General    results. 

These  observations  show  finallv  that  the  inhibition  is  not  involved  in  the 
therapeutic  effects  of  digitalis  and  in  fact  in  non-fibrillating  cases  the 
stimulation  of  the  inhibitory  centre  by  the  drugs  of  this  series  is  a  distinct 
drawback  to  their  use  owing  to  its  serving  to  induce  block.     The  reduction 
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in  the  rate  of  the  pulse  under  digitahs  is  largely,  though  not  exclusively, 
inhibitory  in  origin  in  the  non-fibrillating  cases,  but  in  cases  of  auricular 
fibrillation  increased  inhibition  seems  to  play  no  part  in  the  slowing  of  the 
pulse. 

The  cause  of  the  slow  digitalis  pulse  in  auricular  fibrillation  must  thus 
be  sought  for  in  some  other  action  than  in  the  stimulation  of  the  inhibition, 
and  the  natural  suggestion  is  that  the  multitudinous  stimuli  descending  from 
the  auricle  are  prevented  from  reaching  the  ventricle  by  a  block  arising  from 
the  direct  action  of  digitalis  on  His'  bundle.  Mackenzie  at  one  time 
supposed  that  block  was  caused  by  digitalis  in  normal  rhythm  only  when 
there  was  a  previous  affection  of  the  bundle  which  might  be  measured  in 
unusual  iDrolongation  of  the  a-c  interval,  but  this  has  not  proved  to  be  present 
uniformly.  And  Lewis  suggested  that  only  those  cases  of  auricular 
fibrillation  showed  reduction  of  the  pulse  in  which  there  was  previously  some 
insufficiency  in  the  conducting  power  of  the  bundle.  This  seems  improbable, 
however,  for  digitalis  slows  the  pulse  especially  in  those  cases  in  which  the 
previous  rhythm  is  very  high  and  in  which  the  conduction  may  therefore 
be  supposed  to  be  fairly  competent,  while  in  other  cases  in  which  the  pulse  is 
only  60-70,  and  in  which  the  conduction  would  appear  to  be  less  perfect,  the 
rate  is  less  affected  by  digitalis. 

Apart  from  this  Cjuestion  however,  the  slowing  of  the  pulse  in  auricular 
fibrillation  may  be  explained  most  easily  by  a  partial  block  of  the  auriculo- 
ventricular  bundle,  and  it  is  therefore  necessary  to  consider  what  evidence 
there  is  that  block  may  be  induced  by  the  direct  cardiac  action  of  digitalis 
as  apart  from  its  effects  on  the  inhibitory  mechanism.  In  the  frog  auriculo- 
ventricular  block  may  be  observed  not  infrequently  if  the  minimal  fatal  dose 
be  injected  ;  and  this  block  is  independent  of  the  inhibitory  mechanism 
for  it  occurs  after  atropinisation.  In  mammals  the  ordinary  block  developed 
under  digitalis  is  inhibitory,  but  one  of  us^  has  described  a  condition  arising 
from  large  doses  of  digitalis  in  atropinised  hearts,  in  which  impulses  fail  to 
pass  the  bundle  of  His  in  either  direction.  This  suggested  a  re-examination 
of  the  action  of  smaller  quantities  of  these  bodies  on  the  conduction,  and 
several  exf)eriments  were  performed  on  anaesthetised  and  atropinised  dogs, 
in  which  the  exact  As-  Vs  interval  was  measured  under  the  intravenous 
injection  of  0-5  mg.  strophanthin. 

The  figures  obtained  from  one  such  experiment  may  be  given  to  show 
the  uniformity  of  the  rate  of  conduction  from  auricle  to  ventricle  under  a 
dose  of  strophanthin  which  injected  in  the  same  way  in  cases  of  auricular 
fibrillation  in  man  is  sufficient  to  reduce  the  heart  rate  very  considerably 
in  half  an  hour. 


December  the  4th,  1911.  A  dog  was  anaesthetised  with  morphine,  paraldehyde  and  a  few 
drops  of  chloroform,  the  vagi  were  cut  and  the  myocardiograph  applied  to  the  right  auricle  and 
right  ventricle.     Time  was  measured  in  O'Ol  sees.. 
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Rate  VEXTRicrxAR 

Time.  per  mix.  .1-1'  Interval,         Coxtractiox. 

400  200                            009  sec.                    27  mm. 

4-10  200                            0095  „                     28     „ 

413  0-.5  mg.  (1/130    gr. )   strophanthin   injected  intravenoush-. 

4-lG  188                            0-095 sec.                  33  mm. 

4-20  188                            0090  „                     35     „ 

4-30  188                            0087  .,                     34-5.. 

4-40  188                            0-09     „                     33-0,, 

4-50  194                            0085  „                     32-5  „ 

451  0-5  mg.  strophanthin  injected  intra  venouslv. 

4-54  188                            0090  sec.           '      33  mm. 

4*58  The  ventricle  took  up  its  own  rhj-thm  independent  of  the  auricle. 

In  this  experiment  strophanthin  did  not  change  the  A-  V  interval  in  the 
course  of  40  minutes  after  its  injection.  Measurements  were  taken  every 
two  minutes  but  it  is  unnecessary  to  give  further  figures  as  they  all  fell  ^^'ithin 
the  limits  given  in  the  table.  The  rate  was  also  little  changed  by  strophanthin 
while  the  strength  of  contraction  of  the  ventricle  was  notably  increased, 
and  that  of  the  auricle  showed  even  greater  augmentation. 

There  is  thus  no  evidence  that  in  the  dog  members  of  the  digitalis 
series  in  ordinary  quantities  retard  the  conduction  by  direct  action  on  the 
muscle  in  the  way  which  is  recognised  in  the  frog. 

In  man  Avith  normal  rhythm  the  digitahs  block  is  generally  inhibitory 
in  origin  and  our  CASES  4  and  5  are  so  far  as  we  know  the  first  in  which 
the  block  has  been  proved  to  be  independent  of  the  inhibitory  mechanism. 
And  in  fact  there  is  no  evidence  except  in  these  two  cases  and  in  observations 
on  the  frog  that  bodies  of  the  digitahs  group  reduce  conduction  by  direct 
action  on  the  muscle.  This  seems  an  insufficient  basis  on  which  to  found  an 
explanation  of  the  slo\A-ing  of  the  ventricle  in  auricular  fibrillation  in  man, 
unless  other  possible  ^^ews  be  excluded. 

Another  explanation  of  the  slowing  in  clinical  cases  of  auricular 
fi])rillation  might  be  based  on  the  digitalis  substances  reducing  the  excitability 
of  the  ventricle,  for  which  some  evidence  is  available.  If  this  occurs  in 
man,  some  of  the  weaker  impulses  descending  from  the  auricle  in  fibrillation 
may  fail  to  induce  contraction  and  the  rate  of  the  ventricle  may  thus  be 
reduced.  Straub^"'  was  the  first  to  observe  that  toxic  doses  of  antiarin, 
which  resembles  digitahs  in  its  action  on  the  frog's  heart,  renders  the  frog's 
ventricle  less  excitable  by  electrical  shocks  and  Brandenburg-  confirmed 
this  for  '•  therapeutic  "  doses  of  digitalin  also  in  the  frog.  Pletnew,!^ 
however,  found  that  the  doses  used  by  Brandenburg  were  almost  uniformly 
lethal  for  frogs.  In  the  rabbit  Pletnew  found  that  digitahnum  purum 
increases  the  excitabihty  of  the  ventricle  along  with  the  contractility 
and  that  when  large  quantities  are  injected  both  functions  also  sink  together. 
The  excitability  is  only  reduced  in  fact  when  the  stage  of  irregularity  is 
reached.  Hering''^  mentions  an  experiment  on  a  perfused  cat's  heart,  in 
which  after  repeated  injections  of  digitalin  the  electrical  excitability  sank 
until  no  response  could  be  elicited  even  when  the  coil  was  pushed  completely 
home.  In  order  to  determine  how  far  this  action  on  the  excitability  of  the 
ventricle  is  exerted  in  mammals,  the  following  experiment  was  performed. 
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Experiment  II.  A  dog  anaesthetised  as  in  Experiment  I.  and  tlie  niyocardiograph  attached 
to  the  riglit  auricle  and  ventricle.  Vagi  divided.  Electrodes  were  hooked  into  the  right  ventricle 
and  connected  with  a  secondary  coil.  The  primary  circuit  was  broken  and  made  by  a  rotating 
interrupter  driven  by  a  small  motor  at  a  constant  rate.  The  minimal  shock  wliich  was  sufficient 
to  induce  a  ventricuhxr  rhythm  independent  of  the  auricle  was  ascertained  at  intervals  throughout 
the  experiment,  and  is  given  in  the  following  table  in  terms  of  mm.  distance  between  the  coils. 


Minimal 

Efficient 

Rate  of 

Ventricular 

Time. 

Shock  in  mm. 

Heart. 

Contractions 

11.53 

79-80 

150 

21-22   mm 

12.02 

80-81 

150 

22-23 

12.10 

81-82 

150 

27-5 

12.15 

81-82 

156 

290 

12.1G 

0-5  me.  strophanthin 

injected  intra venouslv 

12.19 

78-79 

162 

38 

12.20 

77-78 

156 

40 

12.26 

78 

150 

38-5 

12.40 

79-80 

144 

33 

12.45 

79-80 

144 

33 

In  this  experiment  a  slight  but  definite  decHne  in  the  excitabihty  of  the 
ventricle  is  seen  to  occur  after  the  injection  of  strophanthin  and  this  decline 
runs  parallel  with  the  characteristic  increase  in  the  strength  of  the  ventricular 
contractions,  reaches  its  maximum  at  the  same  time  and  tends  to  disappear 
with  the  return  of  the  contractility  to  the  normal. 

Thus  in  the  frog  in  large  doses  and  in  the  mammal  in  small  amounts 
digitalis  bodies  tend  to  lessen  the  excitability  of  the  ventricle.  Whether 
this  effect  also  occurs  in  man  we  have  at  present  no  means  of  knowing, 
a  fall  in  the  excitability  of  the  ventricle  cannot  be  distinguished  from  a 
fall  in  the  conduction. 

The  slowing  of  the  pulse  in  auricular  fibrillation  may  possibly  be  due 
to  a  reduction  nf  the  conduction  through  a  direct  action  on  the  bundle  or 
to  a  lessening  of  the  excitability  of  the  receptive  fibres  of  the  ventricle 
through  direct  action  on  them.  But  while  this  is  a  possible  explanation  of 
the  slowing  it  is  not  strongly  supported  by  these  experiments  on  animals 
and  it  is  not  the  only  available  view.  For  it  is  not  possible  to  exclude  the 
view  that  the  change  in  one  or  other  of  these  functions  may  follow  from  the 
improved  nutrition  of  the  heart  arising  from  the  increased  strength  of  the 
contractions  and  consequent  improved  circulation  through  the  coronary 
system  ;  and  this  action  on  contractility  is  much  more  definitely  established 
by  experimentation  on  animals  than  the  effects  on  conduction  and  excitability, 
and  has  not  been  proved  in  man  hitherto  merely  because  we  are  still  unable 
to  measure  the  strength  of  the  heart  beat.  If  this  view  is  correct  one  must 
argue  that  the  failure  of  the  contractility  and  consequent  malnutrition  in 
these  cases  increases  the  excitability  or  facilitates  the  conduction  in  the 
heart  muscle  and  thus  gives  rise  to  the  great  acceleration  of  the  heart  ;  and 
the  slower  rate  under  digitalis  is  not  the  cause  but  the  consequence  of  the 
improvement  in  the  circulation,  which  follows  the  increase  in  the  force  and 
extent  of  the  contraction.  This  involves  the  assumption  that  insufficient 
contraction   and   malnutrition   of   the   heart   increases   the   excitability   or 
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conduction,  for  which  there  is  at  present  no  satisfactory  evidence.  But  it 
seems  at  least  as  plausible  as  to  suppose  that  in  some  of  these  fibrillation 
cases  the  conduction  or  excitability  increases  spontaneously  and  thus  gives 
rise  to  the  crisis  in  which  digitalis  proves  so  efficacious. 

For  example  in  CASE  15  the  patient  was  admitted  with  a  pulse  rate  of 
140-150  which  fell  to  90  on  rest  in  bed  but  rose  again  to  130-145  a  week  later, 
the  acceleration  being  accompanied  in  each  case  by  aggravation,  the  slowing 
by  amelioration,  of  the  general  symptoms.  It  is  difficult  to  suppose  that 
rest  in  bed  could  directly  lessen  the  conduction  or  excitability  so  much  as  to 
change  the  rate  from  140  to  90  per  minute  and  it  seems  more  plausible  to 
sujipose  that  it  ojjerated  indirectly  by  improving  the  nutrition  of  the  heart 
and  thus  reducing  the  activity  of  these  functions.  But  if  the  rest  in  bed  only 
affects  the  conduction  and  excitability  indirectly  through  its  immediate 
action  on  the  nutrition,  it  is  quite  jDossible  that  the  injection  of  strophanthin 
A\hich  had  similar  effects  on  the  rate  a  few  days  later  also  acted  indirectly 
on  these  functions  by  increasing  the  power  of  the  contraction  and  thus 
increasing  the  circulation  in  the  coronary  vessels. 

A  remarkable  feature  in  these  very  rapid  hearts  of  auricular  fibrillation 
is  the  high  tonic  activity  of  the  inhibitory  centre.  This  can  be  estimated 
by  the  acceleration  which  follows  its  elimination  by  atropine.  In  six  of  our 
nine  observations  the  rate  rose  over  40  per  cent,  under  atropine  before  the 
digitalis  treatment,  although  it  Avas  much  above  the  normal  from  the  begin- 
ning. The  intrinsic  mechanism  of  the  heart  was  therefore  maintaining  a 
rapid  rhythm,  but  was  opposed  by  the  medullary  inhibitory  apparatus  the 
activity  of  which  was  approximately  the  normal,  for  Miilleri''  found  the  rate 
of  the  normal  heart  accelerated  by  atropine  in  about  the  same  ratio  as  in  our 
observations.  This  Avould  suggest  that  the  intracranial  circulation  was  not 
insufficient,  for  when  the  inhibitory  centre  suffers  from  anaemia,  as  in 
haemorrhage  or  under  the  nitrites,  it  loses  its  tonic  activity  and  permits 
the  heart  to  accelerate. 

As  regards  the  characters  of  the  pulse  tracing  in  our  cases,  the  changes 
induced  by  digitalis  have  been  sufficiently  detailed  by  others.  After  atropine 
the  pulse  is  quickened,  but  its  general  character  is  unchanged  ;  thus  before 
digitalis  treatment  is  instituted  atropine  increases  the  number  of  small  beats, 
but  does  not  prevent  pauses  of  some  length  and  does  not  render  the  tracing 
more  regular.  When  the  digitalis  treatment  rendered  the  pulse  more  regular, 
atropine  again  quickens  it,  but  again  does  not  alter  its  character,  the  pulse 
maintaining  its  improved  regularity  throughout. 

Summary. 

1.  The  members  of  the  digitalis  group  slow  the  pulse  in  a  certain  number 
of  cases  in  which  the  rhythm  is  given  by  the  normal  pacemaker,  and  as  a 
general  rule  this  slowing  may  be  removed  by  atropine  and  is  therefore 
inhibitory.  In  other  cases,  however,  the  sinus  slowing  and  block  are  un- 
changed by  atropine  and  then  arise  from  the  direct  action  of  digitalis  on  the 
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conducting  fibres  from  the  pacemaker  to  the  auricle  and  from  tlie  auricle 
to  the  ventricle. 

2.  In  auricular  fibrillation,  digitalis  and  its  allies  slow  the  heart  from 
some  direct  action  on  the  heart  and  not  from  stimulation  of  the  inhibitory 
mechanism,  for  atropine  does  not  restore  the  original  rate  of  the  released 
heart.  The  reduction  in  rate  may  be  due  to  a  direct  depression  of  the 
conduction  or  of  the  excitability  of  the  heart  muscle  by  digitalis.  But  it  is 
suggested  that  these  functions  are  reduced  indirectly  through  the  improved 
nutrition  of  the  heart  from  the  augmented  power  of  contraction  of  the  heart 
muscle.  The  previous  injection  of  atropine  does  not  materially  affect  the 
rapid  reaction  of  the  heart  to  the  intravenous  injection  of  strophanthin. 

3.  The  inhibitory  stimulation  induced  by  digitalis  therefore  does  not 
play  anyjiart  in  the  beneficial  action  of  the  drug,  which  is  to  be  ascribed  to 
its  direct  action  on  the  cardiac  muscle  solely. 
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CARDIAC  IRREGULARITIES  IX  MORPHINE  POISOXIXG  IX  THE 

DOG. 

By  J.  A.  E.  EY8TER  a^d  W.  J.  MEEK. 

{From  the  Physiological  Laboratory  of  the    University  of   Wisconsin). 

The  action  of  morphine  on  the  heart  has  been  recently  investigated  by 
V.  Egmond.-  The  heart  is  slowed  by  amounts  as  small  as  004  mg.  x^er  kilo.. 
At  first  there  may  be  an  increased  heart  rate,  lasting  from  five  to  ten  minutes 
following  the  administration,  and  resulting  from  the  nausea  and  not  from  any 
direct  action  on  the  heart.  In  dogs,  the  slowing  is  due  exclusively  to 
stimulation  of  the  vagus  centre.  Irregularities,  removed  at  once  by  vagotomy 
or  by  atropine,  are  not  infrequent.  In  cats,  the  cardia<?  action  is  much 
less  constant,  sometimes  the  heart  is  slowed,  at  other  times  accelerated.  An 
increased  contraction  in  the  isolated  cat's  heart  was  observed  on  perfusion 
with  0016  per  cent,  morphine.  After  the  administration  of  succes.sive 
doses  of  morphine  the  tolerance  estabhshed  by  certain  tissues  is  not  shared 
in  by  the  vagus  mechanism,  which  still  retains  its  usual  sensitiveness  to  the 
action  of  the  drug.     The  Uterature  is  fully  reviewed  in  this  paper. 

Our  interest  in  the  action  of  morphine  on  the  heart  was  aroused  by 
noting  the  occurrence  of  a  pecuhar  type  of  cardiac  irregularity  in  dogs  after 
the  administration  of  morphine  and  previous  to  general  anaesthesia  in  animals 
used  for  various  work  in  the  laboratory.  It  is  f)resent  in  nearly  all  dogs 
an  hour  or  more  after  the  subcutaneous  injection  of  30-60  mgs.  of  morphine. 
It  frequently  disappears  under  general  anaesthesia  and  particularly  after 
extensive  operative  procedure  such  as  that  of  exposing  the  heart  for  the 
purpose  of  obtaining  records  of  the  contractions  of  the  auricles  and  ventricles. 
The  electrocardiograph  offered  the  best  means  for  study  of  the  cause  of  this 
arrhythmia,  since  it  could  be  apphed  \\-ithout  anaesthesia  or  operation  and 
uncomphcated  by  the  administration  of  any  drug  other  than  the  one  to  be 
studied.  We  were  concerned  in  this  work  primarily  with  a  study  of  the 
irregularity  produced  by  morphine  and  not  with  its  general  action  on  the 
heart. 

Method. 

Morphine  was  injected  in  amounts  from  30  to  90  mgs.  in  four  dogs  in 
eight  experiments.  The  weight  of  the  dogs  was  about  6  kilogrammes.  In 
two    additional   experiments   larger  doses,  in  one  over  2-0  g.,  were  given. 
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The  injections  were  made  into  one  of  the  superficial  veins  of  the  ear  or 
leg  and  were  practically  painless,  much  less  so  than  subcutaneous  injection. 
Care  was  taken  that  the  animals  were  quiet  some  time  before  and  during 
the  time  the  records  were  made.  The  right  fore  limb  and  left  hind  limb 
were  shaved  and  non-polarizable  electrodes  of  the  type  described  by  Kahn^ 
applied.  These  were  connected  with  the  galvanometer  (Einthoven  thread 
galvanometer,  large  model  of  Edelmann).  The  movements  of  the  thread 
of  the  galvanometer  were  photographed  in  the  usual  way  on  a  photo- 
graphic registration  apparatus.  At  various  times  during  the  experiment  the 
pulse  was  also  counted  by  the  aid  of  a  stop  watch. 

The  action  of  morphine  on  the  rate  and  rhythm  of  the  heart. 

In  all  experiments  the  final  action  of  morphine  was  to  produce  a  slower 
heart  rate.  In  all  experiments  but  one,  irregularities  of  rhythm  were  obtained 
either  during  the  full  action  of  the  drug  or  during  recovery,  occurring 
spontaneously  or  as  the  result  of  the  administration  of  atropine.  The  first 
effect  of  the  intravenous  injection  of  30  to  60  mgs.  of  morphine  in  the  dog 
is  usually  an  increase  in  pulse  rate  lasting  from  5  to  15  minutes.  The  heart 
then  becomes  slower  than  the  normal  rate  present  before  injection,  but  may 
show  a  similar  temporary  increase  as  a  result  of  a  second  injection.  The 
increase  in  pulse  rate  is  not  always  associated  with  signs  of  nausea  as  noted 
by  V.  Egmond.'^  Irregularity  of  cardiac  action  may  be  present  during  the 
full  action  of  the  drug  or  the  heart  may  be  slow  and  regular  in  rate  and 
rhythm  and  arrhythmia  may  first  develop  as  the  action  of  the  morphine 
begins  to  wear  off.  In  most  cases  it  is  only  during  partial  recovery  from  the 
drvig  that  the  irregularities  become  most  pronounced.  Such  recovery,  so 
far  as  the  heart  is  concerned,  may  be  brought  about  at  any  time  by  the 
administration  of  1  to  2  mg.  of  atropine,  and,  if  this  drug  is  injected  sub- 
cutaneously,  the  complete  recovery  as  a  result  of  slow  absorption  is  sufficiently 
delayed  to  allow  the  irregularities  to  be  recognised  and  records  obtained. 
The  arrhythmia  persists,  of  course,  a  much  longer  time  during  slower 
spontaneous  recovery,  and  furthermore  may  reappear  an  hour  or  more  after 
atropine  is  administered.  The  antagonistic  action  of  the  atropine  on  the 
heart,  while  complete,  lasts  for  only  a  relatively  short  time  and  the  heart  may 
again  return  to  a  condition  of  arrhythmia  or  less  frequently  to  a  slow  regular 

rate. 

We  have  then  to  deal  here  with  an  action  of  morphine  which  is  ultimately 
entirely  abolished  by  the  administration  of  atropine  and,  according  to 
V.  Egmond,^  also  by  vagus  section.  We  may  thus  conclude  that  the  action 
of  morphine,  in  producing  disturbance  in  rhythm  of  the  dog's  heart  in  the 
amounts  employed  in  these  experiments,  is  due  to  action  through  the  vagus 
mechanism  and  is  not  the  result  of  any  action  on  the  cardiac  muscle  itself. 
The  numerous  electrocardiograms  that  we  have  obtained  during  the  full 
action  of  morphine  and  during  spontaneous  recovery  and  recovery  induced 
by  atropine,  show,  we  beheve,  that  the  changes  in  rate  and  rhythm  of  the 
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heart  are  due  to  the  production  of  partial  or  complete  sino-auricular*  and 
auriculo-ventricular  block  with  the  occasional  occurrence  of  spontaneous 
auricular  and  ventricular  beats. 

Production  of  partial  or  complete  auriculo-ventricular  block  by  vagus 
stimulation  has  been  described  b}'  a  number  of  observers,  and  certain  drugs, 
of  which  the  most  important  are  the  members  of  the  digitalis  series,  may 
produce  this  effect.  Since  records  of  the  contraction  of  the  auricle  and 
ventricle  obtained  with  open  thorax  or  by  means  of  the  venous  pulse  or  the 
electrocardiogram  give  no  direct  indication  of  the  acti\'ity  of  the  sinus 
region,  any  evidence  of  blocking  of  the  cardiac  impulse  between  the  sinus 
and  the  auricle  is  indirect.  If  an  auricular  rh3'thm  is  suddenly  halved, 
or  if  at  times  there  is  a  dropped  auricular  beat  in  an  otherwise  regular 
auricular  rhythm,  the  result  may  be  explained  in  one  of  two  ways.  It  may 
be  supposed  that  the  portion  of  the  heart  in  which  the  cardiac  impulse 
normally  arises,  represented  probably  by  the  sinus  region,  begins  suddenly 
to  discharge  at  half  its  normal  rate  or  sometimes  fails  to  discharge  at  its 
regular  interval,  or  as  a  second  possibility  we  may  assume  the  development 
of  a  disturbance  in  the  conducting  path  from  the  sinus  to  the  auricle  so  that 
only  every  other  impulse  passes  over  this  path  and  affects  the  auricle  (2  :  1 
S-A  block ) .  In  other  cases  only  every  third  or  every  fourth  impulse  is  conducted, 
or  when  the  disturbance  is  less  pronounced  only  an  occasional  impulse  may  be 
blocked.  The  latter  is  the  usual  interpretation  applied  by  analogy  with  the 
auriculo-ventricular  conducting  system.  That  such  disturbance  in  conduction 
between  the  auricle  and  ventricle  does  occur  has  been  conclusively  proven, 
and  in  these  cases  the  ventricular  beat  bears  a  relation  to  the  auricular  beat 
such  as  is  presumed  to  exist  between  the  recorded  auricular  beat  and  the 
unrecorded  sinus  beat  in  the  condition  of  sino-auricular  block.  With  these 
facts  as  criteria,  sino-auricular  block  has  been  described  as  a  result  of 
injury  to  or  traction  on  the  sinus  region  of  the  mammahan  heart  by  Hering* 
and  by  Erlanger  and  Blaekman,^  in  clinical  cases  of  heart  disease  by 
Mackenzie,^  Joachim,^  Wenckebach, ^^  Hewlett,^  and  Riebold,^"  and  after  the 
experimental  administration  of  aconitine  by  Cushny.^  A  full  discussion  of 
the  subject  is  given  in  the  pajjer  of  Riebold.^" 


*  Several  recent  writers  have  expressed  doubt  that  a  condition  of  sino-auricular  block,  as 
comjjarable  in  any  way  to  auriculo-ventricular  block,  can  be  considered  as  possible  in  the 
mammalian  heart.  Wybauw'-  thinks  this  condition  cannot  be  assiuued  to  exist  because  of  the 
brief  interval  between  the  activity  of  the  sinus  region  and  the  right  auricle.  Magnus  Alsleben* 
denies  the  importance  that  recent  work  has  ascribed  to  the  sinus  region  and  finds  that  a  gradual 
transition  of  automaticity  or  capacity  for  impulse  formation  is  present  throughout  the  sino- 
auricular  and  auricular  regions.  On  these  grounds  he  denies  the  presence  of  any  mechanism 
comparable  to  the  auriculo-ventricular  conduction  system  and  hence  the  possibility  that  ^ino- 
auricular  block  can  occur.  Tn  a  series  of  experiments  which  will  be  published  later,  we  have 
determined  the  j)eriod  of  conduction  of  the  electrical  condition  from  the  sinus  region  to  the  right 
aurifje.  and  find  that  in  the  dog  it  varies  between  002  and  003  sec.  The  auriciUo-ventricular 
conduction  tune  in  the  same  animals  was  from  007  to  010  sec  While  the  S-  A  conduction  time 
is  thus  only  about  one-fourth  tliat  of  the  .-1-  V  conduction  time,  the  impulse  is  nevertheless 
delayed  in  this  region  in  an  exactly  comparable  way  to  its  delaj-  in  the  auriculo-ventricular 
conducting  system. 
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In  Figures  1  to  7,  the  cardiac  rh^'thm  under  the  full  action  of  morphine, 
and  the  recovery  stages  following  the  administration  of  atropine  in  the  course 
of  one  experiment,  are  shown.  Between  the  two  lowest  lines  the  beat  of 
the  ventricle, between  the  two  middle  lines  the  auricular  beat,  is  represented; 
and  the  line  connecting  the  two  represents  the  rate  of  auriculo-ventricular 
conduction.  The  figures  give  the  time  of  separation  of  the  auricular  beats 
and  the  time  of  A-  V  conduction.  These  were  measured  from  the  record 
and  the  charts  plotted.  Between  the  two  top  lines  is  represented  (in  dotted 
lines)  the  probable  activity  of  the  sinus  region  as  inferred  from  the  auricular 
and  ventricular  rhythm.  The  general  assumption  is  that  the  sinus  rate  is 
rejiresented  by  the  auricular  rate  after  all  influence  of  the  morphine  action 
through  the  vagus  is  removed  by  the  administration  of  atropine.  Assuming 
this  to  be  true,  the  action  of  morphine  and  the  stages  of  recovery  can  all  be 
explained  by  different  degrees  of  sino-auricular  and  auriculo-ventricular 
block.  Fig.  1  shows  a  ventricular  rate  of  about  41  per  minute  fifty  minutes 
after  two  intravenous  injections  of  30  mgs.  each  of  morphine  sulphate. 
One  minute  before  Fig.  2,  0-5  mgs.  of  atropine  sulphate  A\as  injected  sub- 
cutaneously.  Fig.  3,  4  and  5  follow  in  two,  four  and  four  minutes  respectively. 
A  second  administration  of  O-o  mg.  of  atropine  was  made  after  Fig.  5, 
and  Fig.  6  and  7  represent  the  rhythm  in  the  next  three  minutes.  Fig.  8  is  an 
electrocardiogram  showing  partial  sino-auricular  and  auriculo-ventricular 
block.  Fig.  9  is  from  the  same  experiment  after  complete  recovery  had 
occurred  as  a  result  of  the  administration  of  atropine.  Fig.  10  is  interpreted 
as  a  condition  of  complete  sino-auricular  block  occurring  after  the  adminis- 
tration of  180  mgs.  of  morphine  in  another  experiment.  The  auricular  rate 
following  recovery  showed  intervals  of  0-415  seconds.  A  record  taken  a 
short  time  before  the  one  charted  in  Fig.  10,  and  shown  in  Fig.  11,  is 
apparently  a  partial  S-A  and  A-  V  block.*  These  last  two  records  are 
examj^les  of  irregularities  occurring  under  the  full  action  of  morphine. 

According  to  our  interpretation  the  action  of  morphine  on  the  heart 
through  the  vagus  mechanism  is  to  produce  a  loss  or  impairment  of  conduction 
between  the  auricle  and  ventricle  and  between  the  point  of  origin  of  the 
impulse  and  the  auricle.  In  partial  block  very  long  intervals  in  A\hich 
conduction  is  depressed,  may  lead  to  the  development  of  indei^endent 
auricular  or  ventricular  beats.  The  slow  regular  pulse  w  liich  is  observed  in 
most  cases  for  some  time  after  the  administration  of  morphine  is  apparently 
that  of  combined  S-A  and  A-  V  block  of  partial  and  regular  character.  In 
such  a  condition  every  alternate,  every  third,  fourth  or  fifth  impulse 
originating  in  the  sinus  region  ultimately  reaches  the  ventricle  and  the  pulse 

*  Another  possible  interpretation  of  Fig.  1  and  the  subsequent  figures,  suggested  to  the 
writers  by  Dr.  Hewlett,  is  the  assmnption  of  a  somewhat  more  rapid  sinus  rate  :  approximately 
0-37  see..  This  has  the  advantage  of  rendering  luinecessary  the  assumption  of  sjiontaneous  or 
premature  auricular  beats  in  Fig.  I  and  2.  According  to  this  interpretation,  Fig.  1  would 
represent  a  condition  in  which  every  third  and  fourth  sinus  impulse  was  blocked  ;  Fig.  2  would 
represent  a  similar  condition,  except  that  in  the  second  auricular  cycle  the  condition  would  be 
one  of  4  :  1  6'-  A  block,  and  Fig.  3  a  condition  of  3  :  1  S-  A  block.' 
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is  slow  but  regular.  In  some  cases  the  character  of  the  block  is  less  regular 
and  the  ventricular  rhythm  is  irregular.  Daring  recovery  from  the  morphine 
the  irregularities  are  as  a  rule  more  frequent  and  more  pronounced,  associated 
with  a  gradual  removal  of  the  condition  of  depressed  conductivity  and  a  loss 
of  the  characteristic  of  a  regular  2:1,   3:1,   4:1   or  5:1  block.  The 

depression  of  conductivity  is  most  pronounced  between  the  sinus  region  and 
the  auricle,  but  usually  there  is  also  a  certain  degree  of  auriculo-ventricular 
block.  The  sino-auricular  system  recovers  its  normal  conductivity  after 
the  administration  of  atropine  as  a  rule  before  the  auriculo-ventricular 
system.     It  is  also  apparently  the  first  to  be  affected  by  the  morphine. 

In  one  experiment  Ave  administered  180  mg.  of  morphine  within  one  hour 
and  in  another  2-2  g.  in  the  course  of  4  hours  with  similar  results  as  in  the 
other  experiments.  The  animal  in  the  last  experiment  went  into  a  condition 
of  great  reflex  excitability  Avith  short  tetanic  convulsions,  but  at  no  time 
was  any  greater  action  on  the  rhythm  of  the  heart  observed  than  that  present 
after  much  smaller  doses.  As  in  the  case  of  the  other  experiments  the  action 
on  the  rhythm  and  rate  of  the  heart  was  completely  antagonized  by  a  small 
dose  (2-0  mg.)  of  atropine. 

Table  I. 
Effect  of  morphine  and  atropine  on  the  electrocardiogram. 


Exp. 

P 
3 
3 
2 

3 
2 

Normal. 

After  ^Morphine. 

After 

Atropine. 

fi 

7 
8 
<) 

Q 

(') 

14 
0 

8 
fi 

R 

2.-, 
27 
33 
30 
2.5 

S       T 
(i    -  7 
0    -.") 
i\    -f2 
fi     -^4 
{■>     -2 

RT 

0-102 
0-240 
0-207 
0-18.-> 
0-243 

P 

I-.-. 
2 

1 
1 

Q      R      S       T      RT 

2      10       (\    -ffi    0-227 
S     28       0     -  1     0-280 
<)     :}0       i\    +2    0-235 
i\     24       .-,    -1-3    0-2.35 
2     Ml       i;    -f3    0-2fi2 

P 
2 

2 

)-5 
2 

Q 

3 

11 

(> 
.-> 
2 

R 

Ifi 
28 
25 
18 
Ifi 

S       T       RT 
5        2       0-21 
0    -  5       0-25 
C',    -i-0-5    0-21 
5    -0-5    0175 
7    -f3       0-188 

Effect  of  morphine  on  the  electrocardiogram. 

Table  1  shows  the  changes  in  the  size  of  the  waves  of  the  electrocardio- 
gram accompanying  the  action  of  morphine  and  atropine  in  five  experiments. 
In  each  case  the  measurements  (in  millimetres)  represent  averages  of  a  number 
of  cycles.  From  this  table  it  may  be  seen  that  morphine  causes  (a)  a  marked 
reduction  in  the  size  of  the  P  and  Q  waves  and  a  smaller  and  less  constant 
reduction  of  the  i?  wave,  {b)  no  effect  on  the  S  wave,  (c)  an  increase  in  the 
size  of  the  T  wave,  when  this  is  normally  positive,  a  change  to  a  positive 
T  when  this  wave  was  normally  negative,  and  finally  an  increase  in  the 
length  of  systole  of  the  ventricle  as  recorded  from  the  beginning  of  the  R 
wave  to  the  end  of  the  T  wave.  Atropine  tends  to  restore  the  P  wave  to 
normal,  has  little  effect  on  Q  and  still  further  decreases  R.  It  likewise  does 
not  affect  the  S  wave.  The  T  wave  under  atropine  tends  to  return  to  the 
condition  present  before  the  administration  of  morphine  and  the  systole  is 
also  shortened  (interval  from  R  to  end  of  T  waves). 
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Summary. 

1.  The  unanaesthetized  dog  shows,  under  the  influence  of  intravenous 
and  subcutaneous  administration  of  morphine,  irregularity  in  cardiac  action. 
The  heart  rate  is  also  retarded.  Electrocardiographic  records  indicate 
that  the  slowing  and  arrhythmia  are  due  to  disturbance  of  conduction  between 
the  point  of  origin  of  the  cardiac  impulse  and  the  auricle  and  between  the 
auricle  and  ventricle. 

2.  This  efifect  of  morphine  is  antagonized  by  atropine.  During 
recovery,  transition  stages  from  partial  sino-auricular  and  auriculo-ventricular 
heart-block  to  a  condition  of  normal  conductivity  may  be  recognized. 

3.  Certain  changes  in  the  electrocardiogram  under  the  action  of 
morphine  and  atropine  are  described.  These  indicate  (1)  a  decrease  in 
extent  of  auricular  contraction  (reduction  of  P  wave)  and  (2)  an  increase  in 
the  duration  {JR-T  interval)  and  probably  in  the  extent  (size  of  positive 
T  wave)  of  systole. 
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TWO    MODES    OF    CLOSURE  OF    THE    HEART    VALVES. 
By  YAXDELL  HENDERSON  and  F.  ELMER  JOHNSON. 
{From  the  Physiological  Laboratory  of  the  Yale  Medical  School). 

It  is  universally  believed  that  in  the  normal  heart  the  valves  operate  so 
perfectly  that  in  closing  they  allow  no  leak  whatever, — not  the  smallest 
fraction  of  a  drop.  As  the  cause  of  their  closure  it  is  customary  to  allege  the 
occurrence  of  a  back  pressure,  yet  it  is  self  evident  that  if  this  is  the  cause 
the  valves  must  leak  in  closing. 

Imagine  a  door  standing  open  between  two  rooms.  Imagine  the  door 
being  slammed  in  one's  face  by  wind  from  the  other  room.  Does  not  one 
always  feel  a  strong  draught  of  air  through  the  lessening  space  and  in  front 
of  the  swinging  surface  as  it  closes  ?  In  such  a  closure  there  is  necessarily 
a  huge  leak.  Practically  all  valves  in  machinery  which  are  closed  by  a 
back  pressure  have  a  greater  or  less  leakage.  In  fact  it  is  the  regurgitation 
which  causes  the  closure. 

The  literature  of  this  subject  is  too  well-known  to  need  extended  review. 

It  was  held  by  KrehP  that  while  blood  is  flowing  through  the  ostia 
of  the  heart  eddies  form  in  the  sinuses  at  the  back  of  the  valve  flaps.  ^Mlen 
the  flow  ceases  these  eddies  are  supposed  to  open  out  like  tightly-wound 
clock  springs  and  throw  the  valve  flaps  into  approximation.  Thus,  when 
a  higher  pressure  develops  an  instant  later,  the  valves  become  tightly  closed 
without  leakage. 

These  eddies  certainly  occur,  and  they  are  important  in  preventing 
the  flaps  from  being  pressed  back  flat  against  the  ventricular  or  arterial  walls. 
But  they  are  not  otherwise  an  essential  part  of  the  mechanism  of  closure,  for, 
as  we  shall  show,  the  valves  will  close  almost  equally  well  without  them. 
It  is  certainly  true  that  the  heart  valves  may  close  without  the  slightest  leak. 
This  was  shown  seventy  years  ago  by  Baumgarten^  who  cut  away  the  auricles, 
tied  the  aorta,  and  directed  a  jet  of  water  through  the  mitral  valve.  When 
the  jet  was  suddenl}'  shut  off,  the  valve  closed  instantly.  The  heart  could 
then  be  inverted  without  the  slightest  leakage. 

In  this  experiment  the  valve  is  closed  by  the  pressure  produced  within 
the  ventricle  by  the  inertia  of  the  jet.  It  is  essential  to  remember,  however, 
that  this  pressure  is  not  of  the  static  variety.  It  is  kinetic.  It  is  like  the 
increased  strain  against,  and  simultaneously  also  away  from,  a  sea-wall 
as  a  wave  rises  against  it.  This  conception  is  without  doubt  mechanically 
correct.  So  far  as  we  are  aware  it  is  universally  accepted.  It  is,  however, 
for  many  minds  (our  own  included)  more  or  less  intangible.  It  has  therefore 
seemed  to  us  more  convenient,  and  perhaps  also  truer,  to  assign  the  closure 
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of  the  heart  valves,  not  to  a  momentarily  unbalanced  kinetic  pressure,  but 
rather  to  certain  events  of  an  easih'  visualized  sort  which  always  accompany 
it.  Their  central  feature  may  be  denominated  as  the  breaking  of  a  jet  at  an 
ostium. 

This  is,  we  believe,  essentially  the  same  conception  as  that  of  Ceradini.^ 
He  first  pointed  out  that  the  closure  of  the  heart  valves  depends  normally 
not  upon  a  static  back  pressure,  and  not  upon  eddies,  in  the  sense  of  Krehl, 
but  upon  something  which  happens  at  the  instant  when  the  flow  through 
an  ostium  ceases.  It  appears  to  us.  however,  that  few  modern  Mriters  have 
grasped  exactly  the  idea  which  C'eradini  meant  to  convey.  While  the 
distinction  between  the  *■  breaking  jet  "  and  the  ''  back  pressure  "  con- 
ception of  valve  closure  is  not  of  much  importance  in  relation  to  the  normal 
heart,  it  is  essential  for  the  explanation  of  certain  abnormal  phenomena. 

The  breaking  of  a  jet  at  a?}  ostium. 

Through  an}'  relatively  small  opening,  let  fluid  be  discharged  into  a  large 
chamber  containing  more  of  the  same  liquid.  A  syringe  with  its  nozzle 
dijiped  in  a  bucket  of  water  affords  such  conditions.  Let  the  discharge 
suddenly  cease.  The  fluid  remaining  behind  the  opening  {i.e.,  in  the  syringe) 
comes  to  a  sudden  standstill.  Beyond  the  opening,  however,  the  column 
of  fluid  which  has  already  been  discharged  continues  moving  straight  forward 
through  the  mass  of  Ucjuid  in  the  large  chamber,  i.e.,  the  bucket.  Thus 
at  the  instant  when  the  discharge  ceases  the  jet  of  fluid  breaks  at  the  opening. 
The  forward  movement  of  the  column  leaves  in  its  rear  a  small  area  of 
negative  pressure.  This  area  is  analagous  to  the  Avake  of  a  ship.  Into 
it  from  each  side  fluid  is  drawn.  It  is  the  lateral  inrush  into  the  wake  of  the 
breaking  jet  just  beyond  the  ostium  which,  according  to  our  view,  is  normally 
the  canse  of  the  closure  of  the  heart  valves. 


The  mechanics  of  this  process  are  shown  by  the  following  experiments. 
A  reservoir  of  water  coloured  ^ith  some  dye  w-as  placed  on  a  high  shelf. 
From  this  reservoir  a  small  tube  led  down  under  the  surface  of  clear  water 
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in  a  large  glass  jar.  When  the  coloured  liquid  was  allowed  to  flow,  a  distinct 
jet,  as  shown  in  Fig.  1,  was  visible.  The  flow  was  suddenly  stopped  by 
pinching  the  tube,  as  in  Fig.  2.  Instantly  all  movement  within  the  tube 
ceased.  That  portion  of  the  coloured  Hquid  which  had  already  passed  out 
of  the  tube  into  the  jar  however  did  not  stop.  On  the  contrary,  the  coloured 
jet,  breaking  at  the  mouth  of  the  tube,  continued  onward  through  the  clear 
Uquid.  As  the  break  occurred,  clear  hciuid  was  drawn  suddenly  into  the 
wake  of  the  jet  from  around  the  opening  of  the  tube.  If  flaps  had  been 
present,  this  inrush  from  the  sides  would  have  tended  to  throw  them  into 
aj)proximation. 

Another  experiment  which  shows  the  breaking  of  the  jet  is  illustrated 
in  Fig.  3  and  4.  Here  the  tube  ABCD  through  which  the  fluid  is  allowed 
to  flow  has  a  byway  E.  So  long  as  fluid  flowed  into  A  and  escaped  freely 
atD,  the  movement  was  as  shown  by  the  arrows  in  Fig.  3.  The  lic^uid  in  E 
was  either  entirelv  stationarv.  or  else  flowed  slowlv  downward.  Suddenly 
the  opening  at  D  was  closed  as  in  Fig.  4.     Instantly  every  particle  of  liquid 
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in  the  parts  of  the  tube  marked  AB  and  CD  came  to  a  standstill.  At  the 
same  instant,  however,  the  momentum  of  that  part  of  the  column  between 
B  and  C  induced  a  circulation  of  fluid  from  B  to  C  to  E  and  back  to  B.  When 
a  small  piece  of  sheet  rubber  was  attached  to  the  angle  X,  and  the  experiment 
was  repeated,  the  flap  was  thrown  into  the  position  shown  by  the  dotted  hne. 
The  experiment  was  repeated,  but  this  time  the  tube  was  pinched  at  A. 
Exactly  the  same  circulation  instantly  occurred.  Thus  it  mattered  not  how 
the  flow  was  stopped,  whether  by  resistance  in  front,  or  by  shutting  off  the 
stream  from  behind,  the  circulation  round  B  to  C  to  E  and  back  to  B  resulted. 
Still  another  simple  experiment  illustrating  the  lateral  inflow  in  the  wake 
of  a  jet  breaking  at  an  ostium  is  as  follows.  The  top  of  a  rubber  finger  stall 
was  cut  off,  and  the  stall  was  then  tied  over  the  end  of  a  glass  tube  a  httle 
larger  than  one's  finger.  The  tube  and  stall  were  immersed  in  a  vessel  of 
water.  A  finger  was  applied  to  the  uncovered  end  of  the  tube,  and  this  end 
was  lifted  out  of  the  water,  while  the  end  bearing  the  stall  was  still  under 
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water.  This  position  is  shown  in  Fig.  5.  The  finger  was  suddenly  removed. 
The  cohimn  of  water  fell  quickly  ;  the  discharge  ceased  suddenly  ;  the  jet 
broke  at  the  ostium;  and  as  the  lateral  inrush  occurred,  the  walls  of  the  stall 
were  snapped  together  hke  a  valve.  When  the  finger  stall  was  thin  and 
flexible,  no  leak  occurred.  After  closure  of  the  valve,  the  level  of  the  water 
in  the  tube  stood  somewhat  lower  than  in  the  tank  outside  as  shown  in  Fig.  6. 
With  the  same  tube  and  valve  another  experiment  was  performed.  The 
tube  was  held  so  that  the  valve  was  a  few  centimetres  below  the  surface  of 
the  water  in  a  beaker.  The  valve  hung  open  ;  the  beaker  was  suddenly 
lifted,  while  the  tube  was  held  stationary.  A  back  pressure  upon  the  valve 
was  thus  induced  and  it  closed.  In  doing  so,  however,  it  allowed  a  consider- 
able regurgitation  into  the  tube.  It  is  particularly  to  be  noted  that  in  this 
experiment  there  was  no  breaking  jet,  but  on  the  contrary  a  static  back 
pressure. 

Experiments  ivith  excised  heart  valves. 

The  experiments  thus  far  described  are  mere  illustrations.  For  a 
crucial  observation,  the  heart  valves  themselves  were  employed.  Several 
dift^erent  methods  of  m.ounting  valves  from  ox  hearts  were  tried.  A  few 
observations  upon  a  heart  arranged  in  the  manner  described  by  Gad  showed 
us  that,  in  spite  of  the  beauty  of  this  method,  it  was  not  suited  to  our  purpose. 
It  affords  a  view  of  the  flaps  in  the  line  of  the  lumi^en  of  the  valve.  For  our 
purpose  son:e  mode  of  mounting  was  necessary  which  allowed  a  view  of  the 
flaps  from  the  side. 

After  several  failures,  we  found  that  with  a  little  care  it  is  quite  easy 
to  dissect  out  of  an  ox  heart,  and  to  mount  for  observation,  a  preparation 
of  the  mitral  or  tricuspid  valve.  The  preparation  consisted  of  a  sufficient 
amount  cf  the  musculature  just  above  the  valve  to  allow  its  being  tied  over 
the  end  of  a  large  tube.  The  ventricular  walls  were  almost  entirely  cut  away, 
except  that  the  tops  of  the  papillary  muscles  were  left  attached  to  the 
chordae  tendineae.  When  not  in  use  the  preparation  was  kept  in  a  preservative 
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fluid  of  water,  35  per  cent,  glycerin,  and  thymol.  Preserved  in  this  way 
connective  tissue  remains  jjerfectly  soft  ;  and  although  decomposition 
ultimately  occurs,  it  does  not  take  place  for  several  weeks  even  in  warm 
weather. 

The  ajDparatus  upon  which  the  preparations  were  mounted  consisted  of 
a  glass  tube  30  cms.  long,  7  cm.  in  diameter,  and  open  at  both  ends.  Around 
one  end  a  brass  ring  was  clamped.  From  this  ring  two  rods  extended  8  cms. 
beyond  the  end  of  the  tube.  To  the  ends  of  these  rods  a  ring  of  transparent 
celluloid  was  fastened.  The  valve  was  supported  tight  against  the  end  of 
the  tube  by  passing  stitches  through  the  auricular  musculature  and  around 
the  brass  ring.  In  a  similar  manner  the  papillary  muscles  were  attached  to 
the  celluloid  ring.  The  glass  tube  was  supported  in  a  vertical  position  by 
means  of  a  lampstand  at  such  a  height  that  the  valves  themselves  were  10  or 
12  cms.  below  the  surface  of  the  water  (distilled  and  containing  no  glycerin) 
in  a  glass  jar  or  tank.  Below  the  valves  a  mirror  was  placed,  inchned  at  an 
angle  of  45  degrees,  so  that  the  observer  standing  in  front  of  the  tank  and 
looking  into  the  mirror  had  a  reflected  view  up  through  the  lumen  of  the 
valve,  while  at  the  same  time  he  saw  the  valve  itself  directly  from  the  side. 
Owing  to  the  difference  in  focal  distance  these  mirror  images,  unfortunately, 
do  not  come  out  clearly  in  our  photographs. 

Various  ways  of  causing  movement  in  the  valves  were  employed. 
These  fall  into  two  classes.  Their  differences  show  clearly,  we  beUeve,  the 
hitherto  unsuspected  fact  that  the  heart  valves  are  capable  of  tico  distinct 
types  of  movement  in  the  act  of  closure. 

The  crucial  cpiestion  to  which  we  sought  an  answer  was  :  Does  a  valve 
flap  swing  like  a  door  upon  its  hinges,  or  does  it  close  inward  upon  its  ostium 
like  a  roll  of  carpet  being  unAvound  across  a  hole  in  the  floor  ?  The  point 
of  this  Ciuestion  lies  in  the  fact,  evident  from  a  consideration  of  our  experi- 
ments with  jets  of  coloured  water,  finger  stalls,  &c.,  that  if  the  valves  are 


closed  by  the  breaking  of  a  jet  and  a  lateral  inrush,  then  the  part  of  the  flaps 
nearest  their  base  must  be  the  first  to  move  inward,  while  the  edges  of  the  flaps 
will  be  the  last  part  to  be  brought  into  a  position  of  closure.  In  this  mode  of 
closure  no  leak  whatever  would  occur.  If,  on  the  other  hand,  at  a  time 
when  the  valves  are  open,  a  back  flow  is  started  by  some  difference  in  (static) 
pressure,  the  edges  of  the  flaps  being  nearest  mid-channel  and  also  thinnest 
and  lightest  will  be  the  first  part  to  turn  inward.  In  such  a  closure  a  con- 
siderable  regurgitation  is  inevitable.     The  distinction  between  these   two 
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types  of  movement  is  illustrated  in  Fig.  7  and  8.  Position  1  in  both  figures 
shows  the  flaps  when  open,  and  3  shows  them  closed,  while  2  exhibits  the 
difference  in  the  positions  of  their  parts  during  closure  by  a  breaking  jet  and 
inrolling  movement  (in  Fig.  8),  as  compared  with  a  back  flow  and  hinge-like 
swing  (in  Fig.  7). 

The  differences  in  the  conditions  inducing  these  two  modes  of  closure 
in  heart  valves  mounted  as  above  described  were  briefly  as  follows  : — 
The  hinge  movement  and  a  considerable  regurgitation  occurred  when  the 
large  glass  tube  with  the  valve  fastened  to  its  end  was  lowered  further  into 
the  water  in  the  tank.  The  same  type  of  movement  and  regurgitation  were 
induced  also  by  sucking  air  out  of  the  top  of  the  glass  tube.  Identical 
results  were  obtained  by  drawing  a  plunger  upward  through  the  tube.  In 
order  to  obtain  the  regurgitative  closure  in  any  of  these  ways  it  was  essential 
that  the  valve  should  previously  have  been  in  a  state  of  quiescence  and 
hanging  at  least  partially  open,  or  else  held  more  widely  open  by  a  very  slow 
downward  stream.  It  is  to  be  particularly  noted  that  a  back  pressure 
probably  never  arises  in  a  normally  beating  heart  while  the  valves  are  in 
these  positions.  Such  a  concatenation  may  happen  however  in  a  heart 
with  a  dissociation  of  the  auricular  and  ventricular  rhythms,  as  will  be 
discussed  later. 

On  the  other  hand  the  inrolling  form  of  closure  invariably  occurred 
under  conditions  simulating  the  movements  of  blood  in  the  normal  heart. 
Such  movements  were  induced  in  two  ways,  (1)  A  weighted  plunger  was 
allowed  to  fall  part  way  through  the  glass  tube.  A  quick  discharge  followed 
by  a  sudden  cessation  of  the  discharge  was  thus  obtained.  This  arrangement 
and  the  resulting  movement  of  the  valve  flaps  is  illustrated  by  the  photographs 
of  the  tricuspid  valve  in  Fig.  9  to  12.  (2)  A  large  rubber  stopper  with  a 
small  hole  cut  through  it  was  put  into  the  top  of  the  glass  tube  carrying  the 
valve.  Into  this  hole  was  fitted  a  smaller  stopper  connected  with  a  small 
rubber  tube.  Suction  was  applied  on  this  tube  at  the  same  time  that  the 
valves  were  held  open  from  below  by  means  of  a  hook.  After  the  water  had 
thus  been  drawn  up  into  the  large  glass  tube  to  a  level  5  to  10  cms.  above 
that  in  the  tank  it  could  be  held  air-bound  in  this  position  by  pinching  the 
small  rubber  tube.  This  procedure  and  its  results  are  illustrated  by  the 
photographs  of  the  mitral  valve  in  Fig.  13  to  16.  When  everj^thing  was 
ready  for  an  observation  the  small  stopper  was  suddenly  Avithdrawn.  Air 
was  thus  admitted,  and  the  column  of  icater  fell  suddenly  down  the  glass  tube 
and  out  through  the  valve.  At  the  instant  that  the  top  of  the  column  passed 
below  the  level  of  the  water  in  the  tank,  and  its  further  progress  met  resistance 
{the  hydrostatic  pressure  in  the  tank  opposing  the  momentum  of  the  column  and 
causing  it  to  break)  the  inrolling  closure  of  the  flaps  occurred.  Thus  in  a  most 
beautiful  manner  the  valve  caught  the  column  just  at  the  lowest  level  which  it 
reached,  and  shut  off  all  regurgitation  so  precisely  that  the  level  of  fluid  inside 
the  chamber  above  the  valve  teas  held  thereafter  2  or  3  cms.  {according  to  the 
distance  through  which  the  column  had  fallen)  below  that  in  the  tank  outside. 
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These  points  will  be  better  appreciated  from  an  examination  of  the 
photographs,  herewith  reproduced  and  of  the  legends  accompanying  them 
than  from  a  general  description.  In  particular,  attention  should  be  called 
to  Fig.  1 1  in  which  is  shown  the  bowed  shape  of  one  of  the  inrolling  flaps  of 
the  tricuspid. 

Eddies  such  as  are  formed  in  the  sinuses  of  Valsalva  occurred  in  not  a 
single  one  of  the  experiments  thus  far  described.  The  jar  and  tank  were 
too  large  for  them  to  be  developed. 

Auricular  systole  and  the  closure  of  the  atrio-ventricular  valves. 

We  may  now  consider  the  bearing  of  the  breaking  jet  conception  upon 
the  movements  of  the  valves  in  the  living  heart  under  normal  conditions 
and  in  disease.  As  regards  the  semilunar  valves,  it  appears  to  us  that 
the  only  mechanical  condition  under  which  the  hinge  swing  might  replace 
the.  inrolling  mode  of  closure  is  one  of  extremely  low  arterial  pressure,  much 
below  50  mm.  Hg.,  and  this  condition  is  incompatible  with  life.  All  other 
conditions  (not  involving  extensive  structural  alteration  in  the  valves 
themselves)  appear  to  afford  the  breaking  jet. 

In  the  closure  of  the  atrio-ventricular  valves  conditions  differ  according 
to  the  rate  of  the  heart  beat.  We  shall  briefly  point  out  the  character  of 
these  variations  and  then  show  how  they  influence  the  closure  of  the  valves 
under  normal  and  abnormal  conditions. 

By  his  studies  upon  the  volume  curve,  Henderson^  has  shown  that 
when  the  pulse  rate  is  slow  the  refilling  of  the  ventricles  normally  occurs 
in  the  first  part  of  diastole,  and  that  it  is  nearly  as  rapid  a  process  as  is  the 
systolic  discharge.  As  the  process  of  refilling  nears  completion,  the  volume 
curve  bends  in  some  cases  gradually,  in  others  c^uite  sharply,  toward  the 
horizontal,  indicating  a  sudden  lessening  of  the  rapidity  of  the  inflow.*  This 
bend  in  the  upstroke  of  the  volume  curve  separates  the  period  ordinarily 
called  diastole  into  two  more  or  less  distinct  parts, — the  period  of  raj)id 
relaxation  and  refilling,  and  the  period  of  rest  or  diastasis.  In  a  normal, 
actively  beating  heart  with  good  tonus,  the  volume  curve  continues  to  rise 
gradually  during  diastasis,  indicating  a  continuous  slight  inflow  of  blood. f 

*  A  sharp  bend  at  tliis  point  indicates  a  sudden  slowing  of  the  stream  into  the  \entricles. 
This  will  tend  to  "  break  the  jet  "  and  throw  the  flaps  of  the  atrio-ventricular  valves  into  temporary 
apposition.  This  action  produces  the  third  heart  sound  according  to  the  view  of  Hirschfelder^ 
and  the  hovb  wave  in  the  venous  pulse  observed  by  Hirschfelder.  by  Thayer^^  and  by  Gibson.* 
These  phenomena  can  occur  only  in  a  heart  in  which  the  diastolic  relaxation  is  rajtid,  the  bend 
abrupt,  and  the  rate  of  beat  slow. 

t  Hermann  Straub'^  in  criticising  Henderson's  work  misrepresents  him  as  holding  that  during 
diastasis  the  volume  curve  runs  parallel  to  the  abscissa  and  no  blood  enters  the  ventricles. 
Henderson  exj)ressly  stated  that  this  would  be  the  case  only  in  an  extremely  slowly  beating  heart 
with  abnormally  low  tonus.  Straub  also  imagines  certain  sources  of  error  in  the  large  tambour 
with  which  Henderson's  curves  were  recorded.  In  a  later  paper  to  be  published  in  the 
American  Journal  of  Physioloqy  it  will  be  demonstrated  that  the  tambour  was  so  arranged  as  to 
be  free  from  these  defects.  Straub,  in  his  critical  paper,  concluded  that  Henderson's  interpreta- 
tion of  the  volume  curve  was  in  many  respects  erroneous.  In  a  later  paper  in  Pfliiger's 
Archiv  he  has  adopted  Henderson's  opinions  on  practically  all  of  these  points.  Henderson  has 
recently  published  in  Pfliiger's  Archiv  an  article  dealing  with  Straub's  criticisms. 
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It  is  mainly  by  variations  in  the  duration  of  diastasis  that  changes 
in  the  heart  rate  are  effected.  At  rapid  rates  this  period  is  cut  off  altogether. 
The  volume  curve  then  consists  merely  of  upstrokes  and  downstrokes 
indicating  that  refilling  and  discharge  succeed  each  other  in  rapid  alternation 
Avith  no  interval  of  diastasis.*  Auricular  sj-stole  then  occurs  during  the 
period  of  ventricular  relaxation,  and  of  course  adds  whatever  force  it  has 
to  this  process.  Henderson  has  shown  however  that  normally  the  ventricles 
are  filled  under  the  force  of  venous  pressure  as  rapidl}''  as  they  relax,  and  that 
it  is  only  when  the  circulation  is  failing  and  the  venous  pressure  has  fallen 
that  auricular  systole  plays  any  considerable  part  in  their  filling. 

We  return  now  to  the  topic  of  the  movements  of  the  atrio-ventricular 
valves  under  the  influence  of  the  currents  shown  by  the  volume  curve  to  occur 
AA  ithin  the  heart.  It  appears  in  the  light  of  our  experiments  that,  at  rapid 
heart  rates,  when  the  relaxation  of  the  ventricle  is  abruptly  terminated 
by  the  oncoming  of  the  next  contraction,  the  columns  of  blood  pouring 
through  the  mitral  and  tricuspid  valves  will  break  sharply.  By  this  sudden 
breaking  of  the  jets  the  flaps  would  probably  be  rolled  inward  and  slammed 
together  without  allowing  any  regurgitation  even  if  the  auricles  were  entirely 
Ciuiescent.  An  auricular  systole  will  tend  to  assist  in  the  inrolling  mode  of 
closure,  when  the  heart  beat  is  co-ordinate,  but  when  such  co-ordination  is 
absent,  Mill  tend  to  hinder  it. 

Quite  different  are  the  conditions  when  the  heart  is  beating  slowly.  In 
this  case  the  ventricle,  after  the  rapid  inflow  of  the  first  part  of  diastole, 
gradually  relaxes  further  during  diastasis.  To  alloAv  this  the  valves  must 
hang  at  least  partially  open.  //  now  ventricular  systole  occurred  icithout 
a  preceding  auricidar  contraction,  the  mitral  and  tricuspid  valves  would  he 
closed  by  the  hinge  type  of  movement,  and  a  very  considerable  regurgitation  of 
blood  from  the  ventricles  back  into  the  auricles  icould  necessarily  occur.  This 
opinion  is  not  hypothetical.  It  is  exactly  what  did  occur  with  excised  heart 
valves  when  they  Avere  lowered  into  the  tank  or  Avhen  suction  was  applied 
to  the  upper  end  of  the  glass  tube  on  Avhich  they  were  mounted. 

It  appears,  hoAA-ever,  that  nature  has  specially  provided  that,  in  the 
normal  heart,  the  Avaste  of  energy  invoh^ed  in  a  regurgitating  closure  of  the 
atrio-ventricular  A^alves  shall  ncA^er  take  place.  From  the  A'olume  cur\^e 
it  is  clear  that  when  auricular  systole  occurs  during  ventricular  diastasis  it 
sends  a  distinct  wave  over  the  ventricle,  but  does  not  cause  any  considerable 
increase  in  its  volume.  This  is  shoAAn  by  the  fact  that  the  curve  sometimes 
rises  considerably  at  this  time  but  (in  a  normally  beating  heart)  immediately 
falls  again  practically  to  the  leA'el  at  AAhich  it  AAas  prior  to  the  auricular 

*  In  extreme  tachycardia  tlie  refilling  is  so  much  reduced  both  in  duration  and  volume, 
and  the  tonus  of  the  ventricle  becomes  so  intense  that  the  condition  called  by  Wenckebach 
"  Propfung  "  or  stoppering  results.  Wenckebach"  regards  this  condition  as  due  to  the  occurrence 
of  auricular  systole  while  the  ventricle  is  still  contracted.  In  Henderson's  experiments  it  was 
evident  that  the  principal  factor  was  rather  the  incompleteness  of  the  diastolic  relaxation  of  the 
ventricle.  The  two  explanations  are,  however,  not  mutually  exclusive,  and  doubtless  both 
factors  plaj-  a  part. 
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contraction.*  Accordingly  Henderson  suggested  that  the  principal  mechani- 
cal function  of  auricular  systole  is  that  in  the  slowly  beating  heart  the  currents 
in  the  blood  within  the  ventricle  induced  by  the  auricular  wave  cause  the  closure 
of  the  atrio-ventricidar  valves  before  the  onset  of  ventricular  systole. 

In  order  to  test  whether  a  slight  but  sudden  impulse  such  as  auricular 
systole  imparts  to  the  blood  is  capable  of  closing  the  valves  we  made  use 
of  the  mitral  preparation  under  the  conditions  shown  in  Fig.  13.  The  level 
of  the  water  inside  the  large  glass  tube  was  at  the  same  height  as  in  the  tank. 
The  flaps  hung  partially  open.  The  experimenter  now  placed  his  mouth 
a  few  centimetres  above  the  upper  opening  of  the  large  glass  tube,  but  not 
against  it,  and  blew  his  breath  in  a  sudden  puff  down  the  tube.  The  puff 
needed  but  httle  force.  It  was  necessary,  however,  that  it  should  be  sudden. 
If  the  water  in  the  tube  were  c^uickly  pushed  downward  even  8  or  10  mm.,  and 
then  stopped  by  the  static  back  pressure  of  the  water  in  the  tank,  the  effect 
upon  the  valve  was  striking.  The  flaps  suddenly  rolled  inward  and  closed 
the  ostium.  It  is  particularly  noteworthy  that  after  this  "  auricular 
systole  "  had  thus  closed  the  valve  the  level  of  the  water  in  the  tube  was  only 
5  or  6  mm.  lower  than  at  the  beginning  of  the  experiment.  The  wave  sent 
into  the  '"  ventricle  "  {i.e.,  the  tank)  had  induced  in  its  wake  as  it  passed 
through  the  valve  opening  a  region  of  negative  pressure  sufficient  to  throw 
the  flaps  into  aj^position,  although  the  volume  of  the  jet  injected  and  broken 
was  insignificant.  It  is  to  be  noted  also  that,  owing  to  the  size  of  the  tank 
in  Avhich  the  valve  was  immersed,  there  were  no  eddies. 

There  are  a  number  of  ways  in  which  the  movement  of  a  valve  flap  under 
the  influence  of  a  wave  may  be  ilhistrated.  One  of  the  simplest  is  that  shown 
in  Fig.  17.  The  arrangement  consists  of  a  narrow,  shallow,  but  rather  long 
pan  filled  with  water.  On  the  bottom  near  the  middle  a  transverse  strip 
of  wood  is  fastened  and  to  this  a  flap  of  oiled  silk  or  thin  sheet  rubber  is 
tacked.  Threads  passed  through  the  free  edge  of  the  flap  serve  as  chordae 
tendineae  and  are  connected  to  another  fixed  transverse  strip  of  wood, 
i.e.,  "  a  papillary  muscle  "  at  the  "'  ventricular  "  end  of  the  pan  (to  the 
right).  To  do  the  experiment  the  hand,  with  the  fingers  slightly  flexed, 
is  dipped  into  the  water  at  the  "  auricular  "  end  of  the  pan,  and  is  suddenly 
moved  4  or  5  cms.  toward  the  valve.  This  "  auricular  systole  "  sends  a 
wave  down  over  the  "  ventricular  "  end  of  the  pan.  Immediately  the  valve 
flap  rolls  upward  into  the  closed  position.  Unless  "  chordae  tendineae  "  are 
present  it  will  roll  right  back  into  the  "  auricle." 

It  is  to  be  particularly  noted  that  in  this  experiment  the  volume  of 
fluid  in  the  ''  ventricular  "  end  of  the  pan  is  no  greater  after  "'  auricular 
systole  "  than  before.  The  sole  effect  of  the  wave  is  to  close  the  valve.  The 
importance  of  this  closure  is  seen  at  once  if  a  ventricular  systole  is  imitated 
by  hfting  the  "  ventricular  "  end  of  the  pan.  If  there  has  been  no  "  auricular 
systole  "  just  previously,  a  considerable  flow  from  the  "  ventricular  "  to  the 

*  This  point  holds  true  also  in  Straub's  curves. 
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"  auricular  "  end  occurs  before  the  valve  swings  tight.  If,  however,  there 
has  been  an  "  auricular  systole,"  the  closed  and  taut  valve  holds  the  fluid 
in  the  ventricular  end,  and  prevents  this  leak  into  the  "  auricle." 

Some  of  the  data  contained  in  a  recent  paper  by  GeselF  seem  to  us  to  be 
interpretable  in  general  conformity  with  this  view  of  the  function  of  auricular 
systole.  Gesell  induced  in  the  exposed  heart  of  the  dog  various  forms  and 
degrees  of  dissociation  between  the  auricular  and  ventricular  rhythms.  He 
estimated  the  influence  of  these  conditions  upon  the  efficiency  {i.e.,  output) 
of  the  heart  by  measurements  of  arterial  pressure.  He  found  that  arterial 
pressure  varied  according  to  the  time  in  the  ventricular  cycle  at  which 
auricular  systole  occurred.  It  was  least  when  auricle  and  ventricle  contracted 
simultaneously.  It  increased  as  auriclar  systole  fell  later  in  ventricular 
diastole  and  diastasis,  and  it  reached  a  maximum  when  the  auricular 
contraction  came  at  its  normal  time,  i.e.,  just  before  that  of  the  ventricle. 

Gesell  regarded  his  demonstration  of  these  points  as  evidence  that, 
contrary  to  Henderson's  view,  auricular  systole  normally  injects  a  considerable 
c^uantity  of  blood  into  the  ventricle.  It  appears  to  us  that  his  observations 
would  be  adequately  explained  on  the  assumption  that  when  auricular 
systole  is  eliminated  altogether  {e.g.,  in  experimental  auricular  fibrillation)  or 
falls  at  an  abnormal  time  in  the  rhythm  of  a  slowly  beating  ventricle,  the 
atrio-ventricular  valves  are  closed  by  the  hinge  movement.  Whenever  this 
form  of  closure  occurs,  a  considerable  regurgitation  into  the  auricle  must 
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accompany  it.     The  systolic  discharge  into  the  arteries  must  be  correspond- 
ingly lessened,  and  arterial  pressure  lowered.* 

Conclusions. 

The  heart  valves,  and  particularly  the  atrio-ventricular  valves,  are 
capable  of  closing  in  two  distinct  ways. 

Whenever  the  flow  of  blood  through  an  ostium  ceases  abruptly,  no 
matter  whether  it  be  because  of  cessation  of  the  push  from  behind  or  because 
of  increased  resistance  in  front,  the  jet  breaks.  The  part  of  the  column  back 
of  the  opening  stops.  The  part  which  has  already  passed  the  opening 
continues  to  move  straight  forward.  The  momentum  of  this  forward 
movement  produces  in  the  rear  of  the  column  a  small  area  of  negative  pressure. 
This  area  is  analogous  to  the  wake  of  a  ship.  Into  it  fluid  is  drawn  from  each 
side,  and  this  lateral  inrush  carries  the  valve  flaps  into  a  position  of  approxi- 
mation. The  part  of  the  valve  flaps  nearest  their  base  is  the  first  to  move 
inward,  and  the  edges  are  the  last  part  to  be  brought  into  the  position  of 
closure.     In  this  inrolling  mode  of  closure  no  regurgitation  occurs. 

The  other  type  of  movement  occurs  whenever  a  valve  is  closed  by  a 
static  back  pressure.  It  swings  the  flaps  upon  their  bases  like  doors  upon 
their  hinges  so  that  their  edges  are  the  first  portion  to  approach  one  another. 
This  mode  of  closure  necessarily  involves  more  or  less,  and  sometimes  a  very 
large,  regurgitation  or  leakage  of  blood  while  the  flaps  are  swinging  into 
position. 

It  is  probable  that  the  semilunar  valves  are  always  closed  by  the  breaking 
jet  and  inrolling  movement  and  never  by  the  hinge  swing.  The  eddies 
in  the  sinuses  behind  the  valves  are  important  in  holding  the  flaps  away 
from  the  walls,  but  they  are  otherwise  unimportant  in  the  mechanics  of 
closure. 

In  the  normally  co-ordinated  heart  the  occurrence  of  auricular  systole 
immediately  before  the  ventricular  contraction  assures  the  inrolling  and 
non-leaking  mode  of  closure  in  the  mitral  and  tricuspid  valves  even  when  the 
rate  of  beat  is  slow.  When  the  rate  of  beat  is  sufficiently  rapid  so  that 
ventricular  contraction  follows  immediately  upon  the  period  of  rapid 
relaxation  these  valves  would  probably  be  closed  by  the  breaking  jet  and 
inrolling  movement  even  if  no  auricular  systole  occurred.  When  the  rate 
of  heart  beat  is  slow  however  ventricular  systole  is  preceded  by  a  considerable 
period  of  diastasis,  during  which  these  valves  hang  open.  The  onset  of  the 
ventricular  contraction  under  such  conditions  without  a  preceding  auricular 
systole  would  cause  their  closure  by  the  hinge  type  of  movement  and  would 
involve  a  considerable  regurgitation  of  blood  into  the  auricles.  The 
efficiency  of  the  heart  action  would  be  thus  considerably  diminished. 

*  The  arterial  pressures  reported  by  Gesell  show  that  in  many  of  his  exjierinients  the  circula- 
tion was  failing  at  the  time  when  his  obserxations  were  taken.  Henderson  expressly  stated  that 
in  a  failing  circulation  (with  insufficient  venous  pressure)  auricular  sjstole  may  inject  a  very 
considerable  quantity  of  blood  into  the  ventricles. 
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In  order  to  induce  the  inrolling  and  non-leaking  closure  of  the  valves 
it  is  not  necessary  that  auricular  systole  should  inject  any  considerable 
c^uantity  of  blood  into  the  ventricle.  Henderson  has  shown  that  in  a  vigorous 
heart  supplied  by  a  normal  venous  pressure  the  ventricles  are  filled  rapidly 
in  the  early  part  of  diastole.  At  rates  of  beat  in  which  auricular  systole 
comes  after  this  period  of  refilling  it  causes  little,  if  any,  increase  in  the 
volume  of  the  ventricles.  It  sends  a  wave  over  the  blood  in  the  ventricles 
without  causing  any  considerable  onflow.  Our  experiments  show  that 
the  passage  of  this  wave  is  adecjuate  to  produce  conditions  analogous  to 
those  of  a  breaking  jet,  and  thus  to  induce  the  inrolling  and  non-leaking 
closure  of  the  mitral  and  tricuspid  valves. 
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OX    THE    SYSTOLIC     BLOOD-PRESSURE     IX    THE    ARM    AXD 
LEG    IX    AORTIC    IXCOMPETEXCE. 

By  H.  D.  ROLLESTOX. 
{St.   George's   Hospital,   London). 

In  a  paper  on  '"  The  Measurement  of  the  SystoHc  Blood-Pressure  in  Man,"' 
Hill  (with  the  co-operation  of  Flack  and  Holtzmann^)  in  1909  pointed  out  that 
in  patients  with  aortic  regurgitation  there  is  a  marked  difference  between 
the  systohc  blood-pressures  in  the  arm  and  leg  in  the  recumbent  position, 
the  systolic  blood-pressure  being  higher  in  the  leg  than  in  the  arm.  This  was 
explained  as  '"  due  to  the  better  conduction  of  the  great  systohc  wave  by  the 
leg  arteries,  which  were  maintained  in  a  somewhat  contracted  state  in  order 
to  secure  an  adequate  blood  supply  to  the  brain."'  In  a  later  paper  (1912) 
Hill  and  Rowlands'^  give  numerous  records  of  the  blood-pressure  in  aortic 
regurgitation  both  uncompHcated  and  when  combined  with  mitral  disease. 
The  maximum  difference  between  the  blood-pressures  in  the  cases  of  aortic 
regurgitation  given  was  153  mm.  Hg,  the  systohc  pressure  in  the  arm  being 
142  and  in  the  posterior  tibial  295  mm.  Hg.  It  was  also  found  that  by 
immersing  the  legs  in  hot  water  the  systohc  pressure  in  the  legs  was  reduced. 
Hill  and  Rowlands  believe  "  that  the  hot  water  acts  by  inducing  vaso- 
dilatation of  the  femoral  arteries  and  so  lessening  the  rigidity  of  the  wall 
and  the  conductance  of  the  systolic  waves."  Hare^  confirmed  these  results 
and  reported  a  case  of  aortic  regurgitation  in  which  the  pressure  in  the  arm 
was  275  and  in  the  leg  over  350  mm.  Hg.  This  pathognomonic  difference 
between  the  systolic  pressures  in  the  arm  and  leg  also  enabled  him  to  establish 
the  diagnosis  of  aortic  incompetence  in  a  case  in  which  the  ordinary  physical 
signs  were  not  sufficiently  definite. 

Since  the  pubhcation  of  Hill's  first  paper  I  have  found  this  difference 
between  the  systolic  blood-pressures  in  the  arm  and  leg  in  a  large  number 
of  cases  of  aortic  regurgitation.  The  difference  varies  considerably.  In  a 
young  man  aged  19,  who  was  often  under  observation  with  very  free  but 


84  H.    D.    ROLLESTON. 

compensated  aortic  regurgitation,  the  maximum  systolic  blood-pressure  in 
the  arm  was  usually  about  140  mm.  Hg,  and  that  in  the  leg  350  mm.  Hg, 
the  difference  of  210  mm.  being  remarkable.  In  another  man  aged  23 
years  with  compensated  aortic  regurgitation  there  was  a  difference  of  195 
mm.  (arm  125,  leg  320). 

In  cases  of  aortic  regurgitation,  in  which  the  compensation  is  strained 
or  has  broken  down,  the  difference  between  the  arm  and  leg  pressures  is  less 
than  in  cases  of  compensated  aortic  regurgitation,  but  is  usually  distinct. 
I  have  seen  cases  in  which,  as  in  one  of  Hill's  cases  of  combined  aortic  and 
mitral  disease,  there  was  less  than  20  mm.  Hg  difference  between  the  leg 
and  arm  pressures.  In  Hill  and  Rowlands'  joaper  the  records  of  the  blood- 
pressures  show  very  clearly  that  in  uncomplicated  aortic  regurgitation  the 
difference  between  the  arm  and  leg  pressures  is  considerably  greater  than  in 
cases  of  combined  aortic  and  mitral  disease.  Hill  and  Rowlands  do  not 
comment  on  this  jooint,  but  their  results  render  it  unnecessary  to  give  any 
further  records. 

In  aortic  regurgitation  of  recent  origin,  before  comjDensation  is  estab- 
lished, the  difference  between  the  systolic  blood-pressures  in  the  arm  and  leg 
is  comparatively  slight  or  may  even  be  absent.  A  boy  aged  14  was  admitted 
to  St.  George's  Hospital  in  the  third  week  of  rheumatic  fever  with  signs  of 
pericarditis  and  aortic  regurgitation.  The  systolic  blood-pressures  on 
different  days  were  : — 

Leg.  Arm. 

120  100 

90  100 
100  90 

130  120 

95  95 


A  man  with  primary  infective  endocarditis  of  the  aortic  valves  (confirmed 
by  necropsy),  which  ran  its  course  within  6  weeks,  had  a  waterhammer  pulse 
but  the  difference  between  the  systolic  blood-pressure  in  the  leg  (140)  and  in 
the  arm  (120)  was  only  20  mm.  Hg. 

It  is  natural  to  compare  the  effect  of  fever  with  that  of  the  application  of 
hot  water  to  the  legs  on  the  systolic  blood-pressure  in  aortic  regurgitation. 
In  a  boy  aged  17  years  with  aortic  and  mitral  regurgitation  and  strained 
compensation  the  average  difference  between  the  systolic  blood-pressures 
in  the  arm  (130  mm.  Hg)  and  the  leg  (185)  was  55  mm.  Hg  ;  but  during 
some  attacks  of  fever,  the  highest  temperature  being  101-4  F.,  the  difference 
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between  the  blood-pressures  came  down  to  20  mm.  and  on  one  occasion  even 
disappeared  ;  the  systohc  blood-pressure  fell  greatly  in  the  leg  and  only 
slightly  in  the  arm.  In  a  man  aged  23  years  with  uncomplicated  aortic 
regurgitation  the  average  difference  between  the  maximum  systolic  pressure 
in  the  arm  (135  mm.  Hg)  and  in  the  leg  (200)  was  65  mm.  Hg.  On  one 
occasion  he  had  slight  fever  (100-4)  and  the  maximum  sj'stolic  pressure  in  the 
arm  was  then  found  to  be  145  mm.  Hg,  and  in  the  leg  160  ;  the  difference 
was  thus  reduced  to  15  mm.  Hg  by  a  fall  in  the  blood-pressure  in 
the  leg. 

Incidentally  it  is  interesting  to  refer  to  a  case  of  compensated  aortic 
regurgitation  with  attacks  of  paroxysmal  tachycardia  in  a  man  aged  23  years. 
When  he  was  in  his  normal  condition,  some  daj's  before  an  attack  of  tachy- 
cardia, the  systolic  blood-pressures  were  150  in  the  arm  and  210  mm.  in  the  leg  ; 
during  an  attack  of  tachycardia,  in  which  the  pulse  rate  reached  190  and 
neither  the  pulse  or  heart  sounds  suggested  aortic  regurgitation,  the  systolic 
blood-pressures  on  different  days  of  the  attack  were  170  in  the  arm,  and 
180  in  the  leg  ;  and  130  in  the  arm,  and  150  in  the  leg,  or  differences  of  only 
10  and  20  mm.  Two  days  after  the  end  of  this  attack,  when  the  pulse  rate 
was  72,  the  systolic  pressures  in  the  arm  and  leg  were  130  and  170.  On 
another  occasion  there  was  a  difference  of  90  mm.  Hg  some  days  before  an 
attack  of  less  severe  tachycardia  (pulse  =  170),  of  30  mm.  during  the  attack, 
and  an  average  of  60  for  some  days  after  the  attack. 


Conclusions. 

(1)  The  difference  between  the  maximum  systolic  blood-pressures 
in  the  arm  and  leg  in  aortic  regurgitation  is  most  marked  in  uncomphcated 
and  compensated  aortic  regurgitation. 

(2)  It  is  much  less  marked  in  aortic  regurgitation  when  the  compensation 
is  failing  and,  as  Hill's  records  show,  in  cases  of  combined  aortic  regurgitation 
and  mitral  disease. 

(3)  In  recent  aortic  regurgitation  before  compensation  is  estabhshed 
the  difference  is  slight  or  may  be  absent. 

(4)  Fever,  hke  the  apphcation  of  hot  water  to  the  legs  diminishes 
the  difference  between  the  maximum  systolic  pressures  in  the  arm  and  leg 
by  producing  a  fall  in  the  blood-pressure  in  the  legs. 

(5)  In  a  case  of  aortic  regurgitation  the  occurrence  of  paroxysmal 
tachycardia  diminished  the  difference  between  the  blood-pressures  in  the 
arm  and  leg. 
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OBSERVATIOXS    OX    A    CASE    OF    AURICX^LAR    FIBRILLATION 
WITH    SLOW    VENTRICULAR    ACTION. 

By  a.  W.  FALCONER  axd  GEORGE  DEAN. 

(Aberdeeyi). 

A  carriage  cleaner,  aged  55,  was  admitted  into  the  Aberdeen  Roval  Infirmarv 
on  November  the  18th,  1911,  under  Dr.  Edmond,  to  whom  we  are  indebted 
for  permission  to  observe  the  case. 

Past  history  and  habits.  The  patient  was  quite  healthy  until  he  was 
about  35  years  of  age.  He  then  had  a  severe  attack  of  acute  rheumatism 
with  swelling  of  almost  all  his  joints.  He  was  in  bed  for  over  a  month. 
About  two  years  later  he  was  again  in  bed  for  a  fortnight  with  muscular 
rheumatism.  About  two  years  before  admission  to  hosjDital  he  had  another 
severe  attack  of  acute  rheumatism,  .which  kept  him  in  bed  for  some  two 
months.  About  ten  years  before  admission  he  acquired  gonorrhoea,  but 
there  was  no  history  of  a  chancre  or  of  secondary  symptoms  of  s\^hilis. 
For  six  years  before  admission  he  had  suffered  from  breathlessness  on 
exertion.  This  varied  considerably  from  time  to  time,  but  for  six  years 
he  had  been  practically  unable  to  work.  He  had  been  a  labourer  all  his  hfe 
and  had  used  alcohol  and  tobacco  in  moderation. 

Present  affection.  Six  weeks  before  admission  the  patient  had  an  attack 
of  "  Influenza  "  and  his  breathlessness  became  considerably  worse.  On 
admission  the  patient  was  found  to  be  a  well  developed  man.  He  was  able 
to  lie  in  bed  in  any  position  without  discomfort.  There  was  no  oedema. 
The  apex  beat  of  the  heart  was  situated  in  the  sixth  interspace  midway 
between  the  nipple  and  anterior  axillary  lines.  On  auscultation  at  the  apex 
a  loud  systolic  murmur,  conducted  ^ell  into  the  axilla,  was  heard.  The 
second  sound  was  sharp  and  was  followed  by  an  early  diastolic  murmur. 
Over  the  pulmonary  area  there  was  a  systolic  murmur  and  an  accentuated 
second  sound.  The  aortic  sounds  were  pure.  Over  the  tricuspid  area  there 
was  a  systolic  murmur.  The  lungs  appeared  normal  except  for  the  presence 
of  dry  sounds  at  both  bases.  No  enlargement  of  the  liver  was  made  out,  and 
there  was  no  evidence  of  ascites.  The  urine  was  moderate  in  amount  and 
free  from  albumen.  During  his  stay  in  hospital  the  patient  remained, 
except  for  the  last  few  days  of  life,  in  practically  the  same  condition.  He  was 
quite  comfortable  as  long  as  he  was  at  rest,  but  he  made  no  progress.     His 
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temperature  was  at  times  a  little  irregular.  On  the  loth  of  February,  1912, 
he  suddenly  became  much  worse,  having  severe  orthopnoea,  and  he  rapidly 
developed  j^hysical  signs  of  oedema  in  both  lungs.  He  died  on  the 
16th  of  February,   1912. 

The  polygraphic  tracings. 

Numerous  polygraphic  tracings  were  taken  throughout  the  patient's 
stay  in  hospital.  They  all  showed  the  same  characters.  The  pulse  varied 
in  rate  from  38-56  beats  a  minute,  but  was  generally  between  40-48.  During 
the  last  two  days  of  life  the  pulse  rose  to  80,  and  the  irregularity  became  more 
conspicuous,  but  tracings  were  not  obtained  on  account  of  the  dj^spnoea. 
In  none  of  the  tracings  was  there  a  sign  of  a  normal  a  wave.  The  great 
majority  of  radial  beats  occurred  at  regular  intervals,  but  the  rhythm,  except 
on  one  occasion,  was  never  perfectly  regular.  In  short,  the  regularity  was 
disturbed  by  the  frequent  occurrence  of  shorter  cycles.  These  shorter 
cycles  were  cj^uite  irregular  in  their  length  and  incidence.  Fig.  1  is  a  tracing 
taken  on  the  20tli  of  November,  1911.  The  first  six  beats  are  perfectly 
regular  but  the  seventh  beat  is  very  definitely  shorter.  Fig.  2  was  taken 
on  the  same  date,  half-an-hour  after  the  subcutaneous  administration  of 
l/25th  gr.  of  atrojiine  sulj^hate.  The  effect  of  the  atropine  on  the  pulse  rate 
as  counted  at  the  Avrist  for  a  minute  m  as  inappreciable,  but  there  was  a  very 
definite  increase  in  the  irregularity  of  the  tracing.  On  November  the  20th 
the  patient  was  given  ten  minims  of  the  tincture  of  digitalis  three  times  a 
day  and  the  dose  was  increased  to  15  minims  on  the  22nd  of  November.  On 
the  27th  of  November  the  pulse  was,  for  the  first  time,  perfectly  regular  over 
many  yards  of  tracing,  and  the  rate  had  fallen  to  38.  Next  day,  however, 
although  the  digitalis  was  continued  as  before  the  heart  had  reverted  to  the 
former  slightly  irregular  rhythm.  .Occasionally  a  bigeminal  action  of  the 
heart  was  present  and  on  such  occasions  also,  although  the  pause  following 
the  extrasystole  was  generally  exactly  eciual  to  those  following  the  beats 
of  the  regular  ventricular  rhythm,  it  was  not  invariably  so.  The  extra- 
systoles  did  not  always  occur  at  exactly  the  same  distances  from  the  preceding 
ventricular  contractions.  Fig.  3  is  an  example  of  this  rhythm  taken  on  the 
6th  of  December.  1911. 

The  case,  therefore,  was  one  of  auricular  fibrillation  with  a  high  degree 
of  heart  block  which  at  times  was  jorobably  complete. 

^4  utopsy. 

The  left  pleural  cavity  contained  80  ounces  of  slightly  blood  stained 
fluid.  The  left  lung  weighed  15  ounces  and  was  moderately  emphysematous. 
The  right  pleural  cavity  was  practically  dry.  The  right  lung  weighed  32 
ounces.  The  upper  lobe  was  consolidated,  deeply  congested  and  odematous. 
The  lower  lobes  were  moderately  congested  and  showed  distinct  bronchiectasis. 
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Fig.    ].     Tracing  taken  on  November  the  20th,  191.1.    Ventricular  venous  pulse  with  slow  irregular 
ventricular  rhA'thm. 


'\JK^\ 


Fig.  2.     Tracing  taken  on  same  date  as  Fig.  1,  after  one-twentj^fifth  gr.  atropine  sulphate.     The 
irregularity  is  much  more  e\'ident. 


r  *■  f  i^  f  f  S<f  7  r 

Fig.  3.     Ventricular  venous  pulse  with  bigeminal  action.     (December  the  Cth.  101 1.^ 


The  bronchial  glands  were  enlarged  and  indurated.  The  Uver  weighed  4  lbs. 
8  ounces,  and  showed  typical  cyanotic  atrophy.  The  spleen  weighed  8 
ounces  and  also  presented  the  appearance  of  cyanotic  atrophy.  The  right 
and  left  kidneys  weighed  respectively  8  and  8|  ounces.  The  capsules  were 
slightly  adherent  and  each  kidney  presented  a  few  small  cysts.  The  peritoneal 
cavity  was  dry. 


The  heart.  In  situ,  the  greatest  longitudinal  diameter  was  7|  inches, 
the  transverse  5^  inches.  On  removal  of  the  heart,  the  pericardium  was 
found  to  be  densely  adherent  throughout  with  the  exception  of  a  small  area 
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over  the  right  auricle.  The  adhesion  was  ahnost  entirely  between  the 
layers  of  the  pericardium,  but  there  was  slight  adhesion  between  the  latter 
and  the  left  costal  pleura.  A  dense  calcareous  patch  about  an  inch  in 
diameter  was  situated  in  the  pericardium  and  heart  wall  near  the  middle 
of  the  right  ventricle.  A  similar  patch  was  present  in  the  posterior  wall 
over  the  middle  of  the  inter- ventricular  septum. 

The  aortic  cusps  were  conspicuously  thickened,  opaque,  and  rigid. 
There  was  no  evidence  of  recent  endocarditis.  The  wall  of  the  aorta  showed 
numerous  atheromatous  patches,  many  of  them  slightly  elevated  above  the 
surface  of  the  aortic  wall.  The  orifices  of  the  coronary  arteries  were  con- 
siderably diminished  and  throughout  their  course  the  main  coronary  vessels 
were  very  thickened  and  calcareous. 

The  mitral  valve  presented  the  typical  appearance  of  a  button  hole 
constriction,  and  only  admitted  the  tip  of  the  little  finger.  The  cusps  were 
thickened  and  rigid  and  the  cJiordcB  tendinece  were  thickened  and  shortened. 
The  cavity  of  the  left  ventricle,  after  hardening  in  formalin,  measured  4;^ 
inches,  and  the  thickness  of  the  wall  was  about  one  inch.  The  myocardium 
showed  no  great  abnormality.  The  cavity  of  the  right  ventricle  measured 
4^  inches  and  the  thickness  of  its  wall  varied  from  |  to  |  an  inch.  The 
tricuspid  leaflets  were  very  thick  and  rigid  and  the  orifice  would  not  admit 
two  fingers.  The  pulmonary  cusps  were  slightly  thickened,  but  were  freely 
movable.  The  endocardium  and  myocardium  of  the  right  ventricle  did  not 
seem  abnormal.  The  left  auricle  was  dilated  and  the  thickness  of  its  wall 
Avas  I  of  an  inch.  The  right  auricle  was  considerably  dilated  and  its  wall 
measured  from  ^  to  fV  of  an  inch  in  thickness.  The  tinea  tennincdis  was 
hypertrophied.  The  Eustachian  valve  was  unusually  well  marked  and 
distinctly  thickened.  It  projected  fully  one  inch  into  the  cavity  of  the 
auricle.  The  coronary  sinus  was  dilated  and  admitted  the  tip  of  the  little 
finger.  One  and  a-quarter  inches  from  the  orifice  of  the  coronary  sinus 
and  just  above  the  auriculo ventricular  junction,  a  rounded  atheromatous 
patch  i\  of  an  inch  in  diameter  could  be  both  seen  and  felt.  On  removing  a 
block  for  microscopical  examination  this  calcareous  patch  was  found  to  be 
situated  immediately  above  the  anterior  half  of  the  membranous  septum, 
and  was  not  directly  in  the  course  of  the  A-  V  bundle.  The  membranous 
septum  was  thickened  throughout,  and  was  almost  opaque  to  transmitted 
light. 

For  microscopical  study  blocks  of  tissue  were  taken  from  the  following 
regions  of  the  heart : — 

1.  The  region  of  the  sino-auricular  node. 

2.  The  A-  V  junction  containing  the  A-  V  node  and  main  stem  of  the 

A-  V  bundle.     This  block  included  the  calcareous  nodule  already 
described. 

3.  Portions  of  the  interventricular  septum  and  of  the  left  and  right 

ventricles. 
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4.  Portions  of  the  left  and  right  auricles. 

5.  Portions  of  the  left  and  right  musculi  papillares, 

6.  The  wall  of  the  aorta. 

1.  The  sino-auricular  node.  Serial  sections  12  micra  in  thickness  were 
cut  through  the  sino-auricular  node,  and  were  stained  with  haemotoxylin 
and  eosin.  The  node  was  small  and  poorly  developed,  and  was  supplied  by 
two  arteries,  the  upper  and  smaller  one  evidently  being  a  branch  of  the 
main  vessel.  Both  arteries  showed  distinct  thickening  of  their  walls,  but  the 
lumina  were  not  seriou.sly  reduced.  Throughout  the  whole  extent  of  the 
node,  but  more  especially  in  the  central  portions,  there  was  a  profuse  peri- 
vascular cellular  infiltration.  Just  above  the  node  and  immediately  below 
the  pericardium,  there  was  a  typical  submilliary  nodule  with  giant  cells 
characteristic  of  rheumatic  infections.  The  wall  of  the  vena  cava  also 
showed  a  profuse  cellular  infiltration  extending  throughout  all  its  coats, 
and  con!^isting  of  lymphocytes,  plasma  cells  and  multinucleated  giant  cells. 

2.  The  A-  V  junction.  As  this  block  contained  much  calcareous 
matter  it  was  decalcified  in  nitric  acid  for  seven  days  and  embedded  in  one 
block  in  paraffin.  Serial  sections  were  cut  in  12-15  micra  in  thickness. 
From  time  to  time,  useful  sections  were  only  obtained  with  considerable 
difficulty  owing  to  the  presence  of  calcareous  matter  in  the  central  fibrous 
body  and  for  about  a  quarter  of  an  inch  in  this  region  we  were  unable  "to 
obtain  useful  sections. 

Throughout  the  whole  course  of  the  A-  V  node  and  main  stem  of  the 
bundle  there  were  extensive  pathological  changes.  These  varied  both  in 
character  and  extent  in  different  parts  of  the  system. 

The  A-V  node  and  first  part  of  the  bundle  were  densely  fibrosed  and  to  a 
large  extent  replaced  by  fully  formed  fibrous  tissue.  In  places  the  destruction 
was  complete  except  for  a  thin  flattened  band  of  muscular  tissue  at  the 
periphery  of  the  bundle.  Here  and  there  throughout  the  fibrous  tissue  there 
were  dense  foci  of  cellular  infiltration.  These  foci  consisted  of  small  round 
cells,  the  majority  of  which  were  lymphoc3'tes  and  plasma  cells.  There  were 
also  a  few  fibroblasts  and  endothelial  like  cells.  The  artery  to  the  bundle 
showed  considerable  thickening  of  its  coats.  Fig.  4  and  5  are  from  the  A-  V 
node  and  the  upper  part  of  the  main  stem.  Passing  downwards  towards  the 
ventricles  the  muscle  tissue  of  the  bundle  was  better  preserved,  but  throughout 
was  more  or  less  fibrosed,  and  in  parts  densely  infiltrated  with  cells.  The 
central  fibrous  body  contained  large  calcareous  deposits  in  the  immediate 
neighbourhood  of  the  bundle,  and  it  was  freely  infiltrated  with  cells  similar 
to  those  described  in  the  bundle. 
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Throughout  its  course  in  the  membranous  septum  the  bundle  was  more 
or  less  fibrosed  and  its  outline  deformed.  In  some  places  ajjparently  quite 
a  third  of  the  muscular  tissue  was  replaced  by  fully  formed  fibrous  tissue 
which  intersected  the  bundle  in  all  directions,  and  which  in  successive  sections 
could  be  seen  destroying  and  replacing  comparatively  large  portions  of  the 
muscular  tissue  of  the  bundle.  The  membranous  septum  showed  consider- 
able cellular  infiltration,  and  a  number  of  the  vessels  were  completely 
thrombosed.  The  calcareous  nodule,  seen  macroscopically  above  the  anterior 
half  of  the  membranous  septum,  consisted  of  a  dense  mass  of  fibrous  tissue 
containing  the  remains  of  the  calcareous  material,  which  had  resisted 
decalcification.  The  nodule,  however,  did  not  involve  the  bundle.  Fig. 
6  and  7  are  from  the  membranous  septum. 

3.  Portions  of  the  interventricular  septum  and  of  the  right  and  left  ventricles. 
Throughout  the  interventricular  septum  there  was  a  meshwork  of  connective 
tissue  which  was  for  the  most  part  fully  formed.  A  few  foci  of  fibroblasts 
were  present  here  and  there.  Enclosed  within  the  connective  tissue  were 
numerous  muscular  fibres  in  various  stages  of  atrophy.  The  arteries  showed 
considerable  thickening  of  their  coats.  Both  right  and  left  ventricles 
presented  similar  changes  to  the  above,  but  to  a  less  extent.  There  was  a 
patchy  fibrous  thickening  of  the  endocardium  in  both  chambers.  There 
was  some  cloudy  swelling,  but  no  fatty  degeneration.  The  nuclei  of  the 
muscle  cells  were  considerably  altered  and  showed  karyorrhexis  and 
karyolysis,  but  it  is  probable  that  most  of  these  nuclear  changes  were  of 
post  mortem  origin. 

4.  Portions  of  the  right  and  left  auricles.  Both  auricles,  but  more 
especially  the  left,  showed  a  considerable  degree  of  chronic  myocarditis 
similar  to  that  seen  in  the  interventricular  septum.  There  was  a  patchy 
thickening  of  the  endocardium  in  both  chambers.  There  was  no  fatty 
degeneration. 

5.  The  musculi  papillares.  There  was  a  well  marked  fibrosis  of  the 
musculi  papillares.  The  walls  of  the  arteries  were  greatly  thickened,  both 
the  intima  and  media  being  affected.     There  was  no  fatty  degeneration. 

6.  The  aorta.  There  was  wide-spread  fatty  degeneration  of  the 
endothelium  and  the  sub-endothelial  connective  tissue.  The  pale  yellow 
plaques  described  in  the  naked  eye  description  consisted  of  cells  which 
were  all  in  a  state  of  advanced  fatty  degeneration.  In  the  walls  and  in  the 
perivascular  lymph  sjDaces  of  the  vasa  vasorum  in  the  outer  coat  of  the  aorta, 
was  an  extensive  infiltration  consisting  chiefly  of  lymphocytes  but  with  a  few 
endothelial  cells. 

Autopsies  in  cases  of  auricular  fibrillation  with  slow  ventricular  action 
have  been  recorded  by  Esmein,3  Draper, ^  Cohn,i  Price  and  Ivy  Mackenzie,'^ 
and  the  present  writers.'* 
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Esmein  reports  two  cases  in  both  of  which  old  lesions  of  the  A-  V  bundle 
were  present,  but  we  have  been  unable  to  obtain  the  original  publication. 
Colin  has  reported  the  anatomical  findings  in  one  of  Mackenzie's  cases® 
(CASE  3).  In  this  case  the  block  was  clinically  incomplete.*  Cohn  found 
"  profound  lesions  of  the  sino-auricular  node,  interstitial  myocardial  lesions 
in  the  auricles  and  ventricles,  but  more  especially  in  the  right 
auricle,  with  but  shght  changes  in  the  auriculo-ventricular  node  and 
branches." 

Draper's  case  was  also  clinically  one  of  incomplete  block.  He  discovered 
throughout  the  whole  length  of  the  J.- F  node  and  main  stem,  patches  of 
fibrous  tissue  with  here  and  there  collections  of  small  round  cells,  but  he 
states  that  despite  the  presence  of  the  fibrous  patches  and  the  small  round 
cell  infiltration  there  seemed  still  to  be  a  large  amount  of  muscle  fibre 
present. 

Price  and  Ivy  Mackenzie  have  described  a  case  under  the  title  of 
auricular  fibrillation  and  heart  block.  The  only  evidence  however  of 
auricular  fibrillation  and  heart  block  consists  in  a  somewhat  unsatisfactory 
tracing,  the  interpretation  of  which,  as  the  authors  themselves  point  out, 
is  not  absolutely  clear.  The  cardiac  condition  followed  diphtheria.  At  the 
autopsy  they  discovered  extreme  degeneration  and  cellular  infiltration  of  the 
cardiac  muscle,  especially  in  the  ventricles  and  mainly  distributed  in  the 
course  of  the  vessels.  Beyond  a  vacuolated  appearance  of  the  fibres  of  the 
auriculo-ventricular  node  there  was  no  change  in  the  node  or  bundle. 
Freund^  has  described  the  post  mortem  findings  in  three  cases  of  auricular 
fibrillation  with  incomplete  heart-block.  In  two  of  the  cases  the  pulse  rate 
varied  between  60  and  70  a  minute.  In  both  he  discovered  marked  fibrosis  t>f 
the  bundle  of  His  with  here  and  there  acute  small  celled  infiltrations.  The 
third  case  presented  an  irregular  pulse  of  about  45  a  minute  and  the  autopsy 
disclosed  almost  complete  destruction  of  the  auriculo-ventricular  node  and 
A-  V  bundle,  by  extremely  dense  fibrous  tissue,  with  here  and  there  a  profuse 
small  celled  infiltration. 

In  the  present  writers'  jjrevious  case,  which  was  clinically  one  of  complete 
block,  there  was  complete  destruction  of  a  considerable  portion  of  the  main 
stem  of  the  A-  V  bundle  with  obhteration  of  the  artery  to  the  bundle. 


Summary. 

A  case  of  auricular  fibrillation  with  incomplete  heart-block  is  reported. 
Post  mortem  in  addition  to  various  valvular  and  muscular  lesions  there  was 
extensive  fibrous  and  cellular  infiltration  of  the  A-  V  node  and  bundle. 
There  was  also  cellular  infiltration  of  the  sino-auricular  node. 


*  That  is  to  say,  the  action  of  the  ventricle  was  irregular. 
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RHYTHMIC    CHANGES    IN    THE    HUMAN    HEART-BEAT. 

By  G.  CANBY  ROBINSON  axd  GEORGE  DRAPER. 

{From  the   Hospital  of  the  Rockefeller  Institute  for  Medical  Research,    New 

York). 

Introduction. 

The  following  paper  discusses  three  cases  in  which  the  mechanism  of  the 
heart-beat  changed  in  a  rhythmic  manner.  These  changes  have  been 
recorded  by  means  of  electrocardiograms  and  venous  tracings,  and  so 
analyzed.  In  the  curves  from  all  of  the  cases,  groups  of  beats  are  seen  which 
the  electrocardiograms  and  the  venous  tracings  indicate  are  abnormal. 
These  abnormal  groups  alternate  rhythmically  with  heart-beats  of  apparently 
normal  origin  and  course.  They  recur  at  regular  intervals  and  the  groups 
show  a  striking  similarity  to  one  another  in  each  case.  As  the  type  of 
abnormal  beat  is  different  in  each  case,  a  separate  description  and  discussion 
of  each  will  be  given  and  then  the  points  common  to  aU.  will  be  considered. 

Part  I.       {CASE  1.) 

History.  The  patient  is  a  well  developed  boy  of  seventeen  years, 
apparently  in  perfect  health.  His  childhood  is  said  to  have  been  free  from 
severe  illness  and  the  history  contains  nothing  which  may  be  considered  as  an 
etiological  factor  in  the  production  of  a  cardiac  disorder.  In  1905,  at  the 
age  of  eleven,  it  was  accidentally  discovered  that  his  heart  was  irregular. 
He  was  given  strophanthus,  digitahs  and  other  drugs  for  about  two  years 
without  apparent  effect  on  his  arrhythmia.  His  exercise,  which  had  been 
sometimes  quite  violent  previous  to  the  discovery  of  the  arrhythmia,  was 
somewhat  restricted.  Except  for  palpitation,  which  occurred  occasionally 
when  his  attention  was  directed  to  his  heart,  he  has  always  been  free  from 
cardiac  symptoms,  even  during  active  exercise.  Since  the  arrhythmia  was 
first  noted  six  years  ago,  the  pulse  has  been  usually  irregular  or  abnormally 
rapid.  At  times,  however,  a  regular  normal  rate  has  been  noted  for  short 
intervals,  especially  during  mental  excitement.  The  numerous  forms  of 
cardiac  action  that  have  been  observed  will  be  demonstrated  by  the  curves. 

Physical  examination.  Physical  examination,  except  for  the  irregular 
or  rapid  heart  action,  is  negative.  The  heart  is  perhaps  slightly  enlarged, 
compared  to  the  size  of  the  chest,  the  apex  beat  being  felt  in  the  fifth  space 
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9-5  cm.  from  the  mid-line.  Cardiac  dullness  extends  3-75  cm.  to  the  right 
and  10-25  cm.  to  the  left.  No  cardiac  murmurs  are  heard,  but  an  indefinite 
gallop  rhythm  at  the  apex  is  noted  at  times.  Tne  systolic  blood  pressure  is 
93,  the  diastolic  75  mm.  Hg..  The  heart  beats  regularly  at  121  per  minute. 
X-ray  plates  and  fluoroscopic  examination  show  evidence  of  enlarged 
mediastinal  glands,  but  no  other  abnormalities. 

Description  of  curves.  The  curves  have  been  taken  at  various  times 
between  March  the  21st,  1910,  and  April  the  23rd,  lUll,  during  which  time 
the  large  number  of  observations  showed  that  the  cardiac  condition  remained 
practically  unchanged. 

Fig.  1,  taken  with  the  slow  speed  of  the  Jacquet  sphygmocardiograph, 
shows  the  arrhythmia  which  was  most  commonly  observed.  The  tracing 
from  the  radial  arter}^  shows  that  the  arrhythmia  consists  of  short  alternative 
periods  of  rapid  regular  beats  and  slower  coupled  beats.  The  most  striking 
feature  of  the  curve  is  the  exact  correspondence  between  analogous  parts 
of  the  various  groups.  Each  of  the  three  groups  begins  with  three  moderately 
shortened  waves,  the  last  of  the  three  being  the  longest.  These  waves  are 
then  followed  by  a  group  in  which  the  rate  is  about  125  per  minute,  and  each 
group  terminates  with  a  prolonged  wave.  This  pecuhar  rhythmic  change 
in  the  pulse  was  observed  many  times  over  a  period  of  months.  It  represents 
the  usual  cardiac  activity  in  this  case  and  varies  only  slightly  in  the  number 
of  beats  which  constitute  the  rapid  or  slow  groups. 

Fig.  2  and  3,  arterial  and  venous  tracings,  taken  on  a  more  rapidly 
moving  recording  surface,  demonstrate  further  details  of  this  peculiar  rhythm. 
In  Fig.  2,  obtained  on  the  same  day  as  Fig.  1,  the  ending  of  one  and  the  begin- 
ning of  the  next  rapid  group  are  seen.  Between  these  groups  there  occurs 
but  one  normal  cardiac  cycle  of  0-84  seconds  in  duration  in  the  arterial 
tracing,  accompanied  by  the  three  normal  a,  c  and  v  waves  in  the  venous 
tracing.  This  normal  heart-beat  always  precedes  a  group  of  rapid  beats, 
and  for  purposes  of  identification,  it  is  marked  (X)  in  all  the  curves  in  which 
it  is  seen.  This  beat  represents  the  first  of  the  three  moderately  shortened 
waves  which  are  seen  in  Fig.  1  to  usher  in  a  group  of  rapid  beats.  In  Fig.  2 
the  venous  tracing  shows  that  in  the  next  beat  a  small  abnormal  wave  follows 
the  c  wave,  marked  a^,  falHng  between  it  and  the  v  wave.  During  the 
remainder  of  the  tracing  this  abnormal  wave  becomes  more  prominent  and 
the  c  wave  is  no  longer  preceded  by  a  normal  a  wave. 

The  two  following  beats  in  all  the  many  groups  recorded,  the  second 
and  third  beats  after  the  normal  one,  have  always  constant  characteristic 
features  in  the  venous  tracings.  In  the  first  of  the  two  beats  the  wave 
following  the  c  wave,  marked  a^,  becomes  prominent  and  is  distinct  from  the 
c  wave,  but  is  more  or  less  fused  with  the  v  wave.  In  the  following  beat,  the 
c,  n^  and  v  waves  are  usually  partly  fused,  forming  a  large  rounded  or  notched 
wave.  The  radial  tracing  accompanying  these  three  characteristic  waves 
in  the  venous  tracing  has  also  constant  features.     The  first  pulsation  is 


iJ 


A'  //  ]'  T  II  M  IC     I  R  R  E  GU  L  A  HIT  IE  S. 


99 


cS 
u 
tij 

o 


it) 


a. 

71 


as 


^ 

~ 

c 

^ 

0 

;^ 

o 

c 

+i 

;^ 

X 

t*_ 

0 

r^ 

bt 

- 

« 

X 

'^ 

S 

d 

is 

t^ 

H 

^ 

O 

c 

p>^ 

"— 1 

^ 

&^ 

sS 

^ 

(-< 

^ 


u 
IS 


43     ^ 


5 

fc£) 

cd 

_C 

^ 

o 

r-« 

F-H 

^-4 

«J 

tt 

S 

.6 


14 

^^-^ 

r 

^     y^ 

''S 

X 

N- 

J^ 

~=^^ 

"^ 

-  y 

^ 

^S 

-X 

\- 

v^ 

-  / 

^ 

''s 

^<^ 

-^- 

•^r^ 

< 

.   "y 

< 

''S- 

^ 

-< 

■~v, 

-^^^ 

i 

-  p^ 

N 

""v 

^ 

cr- 

^- 

^ 

X 

"^cT"^ 

C> 

'^\ 

i>( 

00 

\ 

"1 

^  y 

<i 

^\ 

"^\ 

^ 

N» 

^ 

fVl 

<3C 

«i 

>>( 

<o<^ 

y^ 

<o 

1 

"N 

\ 

^ 

j;\,^^ 

i.        ) 

-■^/^ 

csC 

'^*~~--^ 

N- 

^^ ^ 

^. 

'n 

''C^ 

ci 

<J<1" 

:i 

1 

<i 

"   1- 

VjV.,_^ 

J 

0^ 

■:^^'^^ 

-v: 

bC^ 

<=> 

"^s 

J) 

oi 

^y^ 

^ 

3/ 

■a 

II 

<J^^ 

^ 

J)" 

"^ 

^^ 

t3 


* 

0 

r- 

^ 

0 

s 

0 

s*-( 

0 

<a 

!-i 

QQ 

^1 

? 

35 

<N 

4-* 

<*• 

^ 

go 

'^ 

,2 

0 

T^^ 

^ 

Ol 

y 

*^ 

0 

0 

r>. 

0 
0 

<^ 

.3 

«j> 

^ 

-^3 

5 

Ui 

0 
^ 

^ 
> 


<5j 


■<*■ 


? 


CO 

o 


^ 

> 

« 

<a 

0 

- 

2 

0 

>■. 

s 

fSl 

r^ 

H 

^ 

^ 

Ci 

* 

X 

^^ 

•5 

_ 

*o 

33 

0 

^ 

^ 

0 

0 

0 

X 

^ 

^_ 

<!• 

0 

"^ 

op 

CS 

9 

<i 

-t-* 

S 

a; 

X 

OJD 

■^ 

0 

" 

^ 

a 

a 

^ 

r 

-*- 

•r 

X 

X 

^ 

0 

02 
0 

^ 

S 

^ 

'i-    -5  :5 


^     X    O 

"^  is  S 
o  ~  2 


4; 


CI 


S     f-5 


to 


100  ROBINSON    AND    DRAPER. 

always  about  0-50  seconds  in  duration,  the  second  some\\  hat  shorter,  provided 
there  is  any  wave  in  the  radial  tracing  accompanying  the  partly  fused 
rounded  or  notched  venous  wave.  The  arterial  pulse  of  this  beat  is  often 
too  weak  to  produce  a  wave  in  the  tracing,  and  at  best  causes  only  a  very 
small  wave  of  short  duration. 

FolloAving  these  three  distinctive  cardiac  cycles,  the  remainder  of  the 
group  of  rapid  beats  show  in  the  venous  tracing  large  c  waves  follow  ed  by  an 
even  larger  wave,  marked  a^,  falling  between  the  c  and  v  waves,  partly  fusing 
with  the  latter. 

Fig.  3,  obtained  more  than  a  year  later,  shows  two  groups  of  rapid  beats 
which  are  in  all  essentials  like  those  seen  in  Fig.  2.  The  two  groups  in  Fig.  3 
show  a  remarkable  similarity  to  each  other,  especially  when  the  details  of  the 
venous  tracings  are  compared,  and  indicate  Iioav  truly  rhythmic  these  changes 
in  the  heart-beat  are.  Between  groups  I  and  II  of  this  figure  there  are  several 
slow  beats  which  have  not  been  reproduced.  Here  it  is  again  seen  that  each 
group  consists  of  the  normal  beat  (marked  X),  the  three  characteristic  cycles 
which  have  been  described  and  a  series  of  four  more  raj^id  beats.  Here  the 
third  cycle  of  the  group  produces  the  usual  fused  notched  w  ave  in  the  venous 
tracing,  but  fails  to  produce  a  definite  wave  in  the  arterial  tracing. 

Fig.  4  is  an  electrocardiographic  record  which  shows  a  group  of  rapid 
beats.  The  normal  electric  complex  with  the  usual  positive  P,  R  and  T 
waves  is  seen  only  in  the  cardiac  cycle  number  2  (marked  X).  In  all  the 
others  there  is  distortion  in  the  curve,  indicating  some  cardiac  activity  just 
before  the  onset  of  the  T  wave,  with  which  an  abnormal  wave  is  partly  fused. 
Complexes  3,  4  and  5  represent  the  three  cardiac  cycles  which  always  cause 
characteristic  effects  in  venous  tracings,  and  except  for  the  variations  in  the 
relation  which  the  abnormal  wave,  marked  P^,  bears  to  the  following  R  wave, 
they  do  not  seem  to  differ  from  the  other  complexes  forming  the  group. 
This  relation  of  P^  and  R  will  be  discussed  later.  In  passing,  it  is  worthy 
of  note  that  although  the  third  heart-beat  of  the  group  never  produces  as 
strong  an  arterial  pulse  as  the  others,  nothing  to  differentiate  it  from  the  other 
beats  is  seen  in  the  size  or  shape  of  the  R  wave. 

In  Fig.  5  the  venous  tracing  is  recorded  synchronously  with  the 
electrocardiogram,  and  the  relation  of  one  to  the  other  is  shown.  Two  pairs 
of  coupled  beats  are  seen,  the  first  of  each  pair  being  a  normal  beat,  showing 
the  usual  m  aves  both  in  the  electrocardiogram  and  in  the  venous  tracing. 
In  the  second  beat  of  each  couple,  the  T  wave  in  the  electrocardiogram 
is  deformed  just  as  are  all  the  T  waves  which  occur  in  the  latter  part  of  the 
curve  where  a  group  of  rapid  beats  begins.  In  these  parts  of  the  venous 
tracing  which  correspond  to  the  same  portions  of  the  cardiac  cycle,  there  is  an 
abnormal  wave  or  distortion,  marked  a^,  scarcely  noticeable  in  the  first 
part  of  the  curve,  but  quite  prominent  in  the  latter  part. 
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Discussion,  of  CASE   I. 

The  cardiac  activity  which  causes  these  unusual  forms  of  electrocardio- 
graphic and  venous  tracings  allows  but  one  interpretation.  It  is  evident 
that  an  auricular  contraction  occurs  during  ventricular  systole,  sending  a 
wave  into  the  veins  of  the  neck  between  the  c  and  v  waves,  and  moving  the 
string  of  the  galvanometer  between  the  R  and  T  waves.  The  fact  that  this 
wave  in  the  electrocardiogram,  marked  P^,  differs  conspicuously  in  form  from 
the  normal  P  wave  in  this  case  may  be  taken  as  evidence  that  the  auricular 
activity  which  gives  rise  to  it  is  ectopic  ;  that  is,  it  originates  outside  of  the 
usual  region  of  stimulus  formation.  It  will  be  spoken  of,  therefore,  as  the 
auricular  extrasystole.  Other  examples,  recorded  by  the  string  galvanometer, 
of  very  similar  auricular  extrasystoles  have  been  published  by  Lewis ^"  and 
by  Rosenthal.  1^ 

Effects  of  the  auricular  extrasystole. 

The  most  satisfactory  interpretation  of  the  various  rhythms  which  this 
case  presents  is  based  on  the  variety  of  effects  m  hich  the  auricular  extrasystole 
produces  upon  the  cardiac  action.  The  effect  produced  depends  on  whether 
the  auricular  extrasystole  stimulates  ventricular  contraction  or  whether 
it  is  blocked. 

(a)  Blocked  extrasystoles.  During  the  jjeriods  of  slow  cardiac  action, 
the  extrasystole  never  stimulates  the  ventricles  to  contract.  It  may  occur 
during  each  ventricular  systole,  as  is  seen  in  Fig.  6,  when  the  pulse  is  very 
slow  and  regular.  More  often,  however,  every  other  ventricular  systole 
is  accompanied  by  a  blocked  auricular  systole,  as  in  Fig.  5.  and  then  the 
slow  coupled  rhythm  takes  place.  The  coupled  rhythm  is  caused  by  the 
prolongation  of  the  diastoles  following  the  auricular  extrasystoles. 

(b)  Effect  of  the  extrasystoles  ichen  they  are  not  blocked.  (1)  Rhythmic 
success  and  failure  of  extrasystoles  to  control  the  movements  of  the  ventricles. 
The  fact  that  the  auricular  extrasvstoles  mav  suddenlv  cease  to  be  blocked 

*.-  t/  f 

and  temporarily  control  the  movements  of  the  ventricles  is  the  essential 
phenomenon  in  the  mechanism  of  the  production  of  the  groups  of  rapid 
beats.  It  is  seen  in  all  the  curves  that  show  these  groups  (especially  well 
in  Fig.  4)  that  after  a  normal  cardiac  cycle,  the  group  is  always  inaugurated 
by  an  auricular  extrasystole  which,  after  an  abnormal  delay  in  conduction, 
stimulates  a  ventricular  systole.  There  is  no  evidence  of  normal  auricular 
activity  between  this  auricular  extrasj^stole  and  the  next  ventricular 
contraction.  After  the  extrasystole  once  succeeds  in  stimulating  the 
ventricles  to  contract,  the  stimulus  seems  to  pass  more  readily  from  the 
auricles  to  ventricles,  and  the  conduction  time  of  the  second  beat  of  a  group 
is  always  much  shorter  than  that  of  the  first.  Thus  in  Fig.  5  the  conduction 
time  of  the  first  beat  of  the  group  is  0-41  sec,  and  of  the  second  beat  0-25  sec. 
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This  improvement  in  conduction  is  only  temporary  and  the  time  between 
auricular  and  ventricular  activity  gradually  lengthens,  beat  by  beat,  until 
the  extrasystole  fails  again  to  excite  ventricular  contractions.  The  slow 
rhythm  is  then  re-established,  the  ventricular  systoles  being  preceded  by 
normal  auricular  contractions,  and  continues  for  several  beats  until  the 
abnormal  pace-maker  again  establishes  itself.  An  exact  repetition  of  the 
previous  group,  as  seen  in  Fig.  3.  then  takes  place.  It  is  this  alternating 
success  and  failure  of  the  auricular  extrasystoles  to  stimulate  ventricular 
contractions  that  produces  the  rhythmic  changes  in  the  heart-beat. 

(2)  The  dominance  of  an  extrasijstoUc  rhythm  over  prolonged  periods.  The 
auricular  extrasystole  mav,  after  becoming  established  as  the  pace-maker 
for  the  ventricles,  retain  this  function  over  relatively  long  periods  of  time. 
The  persistence  of  the  rapid  rate  is  seen  in  Fig.  7.  where  it  follows  suddenly 
upon  a  long  stretch  of  coupled  beats.  The  behaviour  of  the  pulse  at  the  time 
of  this  change  is  the  same  as  that  which  occurs  at  the  onset  of  a  small  group 
of  rapid  beats.  In  Fig.  8.  synchronous  venous  pulse  tracing  and  electro- 
cardiogram also  show  the  heart  beating  at  a  persistently  rapid  pace,  as  in  the 
latter  part  of  Fig.  7.  It  is  seen  that  the  T  wave  of  the  electrocardiogram 
is  deformed  in  each  cycle  by  an  unusually  sharp  upstroke,  that  in  the  venous 
tracing  there  is  a  large  wave  between  the  c  and  v  waves,  and  that  there  is 
no  other  evidence  of  auricular  activity.  These  waves  make  it  certain  that 
an  auricular  contraction  occurs  during  each  ventricular  systole,  and 
stimulates  the  next  ventricular  systole  after  a  long  conduction  time.  It  is 
clear  then  that  the  auricular  extrasystole  may  retain  the  function  of  the 
pace-maker  of  the  heart  over  a  relatively  long  period  of  time,  and  produce 
a  rajoid  and  regular  heart  action. 

The  action  of  the  cardiac  nerves. 

(a)  Effect  of  psychic  excitement.  A  number  of  observations  were  made 
which  seem  to  indicate  a  distinctly  abnormal  nervous  control  of  the  heart 
in  this  case.  It  was  found  that  under  psychic  excitement,  the  heart  could 
beat  with  a  practically  normal  rhythm,  entirely  undisturbed  by  auricular 
extrasystoles.  In  April,  1910,  the  patient  was  brought  from  Philadelphia 
to  Xew  York  in  order  to  obtain  electrocardiograms,  through  the  kindness 
of  Dr.  Walter  B.  James.  It  was  noticed  during  the  journey  that  the 
arrhythmia  had  disappeared  and  the  heart  was  beating  practically  regularly 
at  about  80  per  minute.  The  pulse  continued  to  be  regular  during  the 
journey  and  after  arriving  at  the  Presbyterian  Hospital,  where  exercise,  rest, 
ice  to  the  prsecordium  and  other  measures  failed  to  disturb  the  normal 
rhythm.  At  this  time  the  curve  shown  in  Fig.  9  was  obtained.  The 
electrocardiogram  is  quite  normal  as  regards  the  form  of  the  various  waves, 
although  the  conduction  time  is  abnormally  long.  It  measures  0-20  to  0-21 
sec,  but  is  shorter  in  this  curve  than  in  those  obtained  during  the  usual 
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abnormal  rhythm.     This  curve  shows  a  definite  irreguhirity  in  the  lengths 
of  the  individual  cycles,  a  conspicuous  sinus  arrhythmia  being  present. 

The  heart  continued  to  beat  in  a  practically  normal  manner  for  three 
days.  The  usual  arrhythmia  appeared  only  once  during  this  time,  and  then 
for  a  short  period  only,  after  the  patient  had  been  resting  quietly  for  some 
time,  but  the  heart  resumed  the  normal  rhythm  before  records  could  be 
obtained.  Finally,  on  the  morning  of  the  fourth  day.  a  persistent  arrhythmia 
established  itself  and  records  of  groups  of  rapid  beats  resembling  those  in 
Fig.  4  were  made.  During  the  years  of  observation,  this  has  been  the  sole 
occasion  upon  which  persistent  normal  action  has  been  recorded. 

(b)  The  effect  of  ice  upon  the  prcecordium.  On  several  occasions  it  was 
noticed  that  the  cardiac  rhythm  could  be  changed  by  applying  ice  to  the 
pra?cordium.  the  patient  being  quiet  in  the  recumbent  position.  This  effect 
was  obtained  only  when  the  heart  was  beating  at  an  abnormally  rapid  rate, 
as  in  Fig.  8.  The  change  usually  took  place  in  from  five  to  fifteen  minutes, 
and  either  the  usual  group  rhythm  or  a  slow  regular  pulse  resulted.  On  one 
occasion  the  heart  rate  was  123  per  minute  and  regular  before  the  application 
of  ice.  About  five  minutes  afterward,  the  rate  had  fallen  to  42  per  minute 
(Fig,  6).  Deep  inspiration  seemed  sometimes  also  to  change  the  rapid 
rhythm  into  a  slow  regular  or  coupled  rhythm,  or  into  the  grouped  rhythm. 

(c)  The  effect  of  vagus  pressure  and  atropine.  Pressure  over  neither  the 
right  nor  the  left  vagus  nerve  produced  any  change  in  the  cardiac  rhythm, 
and  from  this  fact  it  was  considered  that  the  vagus  tone  was  low.  In  order 
to  test  this  question  further,  the  patient,  who  was  at  the  time  under  observa- 
tion in  the  Hospital  of  the  Rockefeller  Institute,  was  taken  to  the  electro- 
cardiographic room  and  a  series  of  records  were  made.  Atropine  suli^hate 
(0-6  mg.)  was  injected  hypodermically  and  about  fifteen  minutes  later  the 
changes  in  the  rhythm,  which  had  been  obtainable  by  very  deep  forced 
inspiration,  were  no  longer  elicited.  The  heart  increased  in  rate  in  a  startling 
manner  and  beat  perfectly  regularly  at  180  per  minute.  At  this  time  the 
patient  developed  cardiac  sensations,  which  he  had  never  had  before  and 
which  caused  him  considerable  anxiety.  He  said  he  felt  as  though  the  heart 
were  trying  to  leap  out  of  the  chest.  The  cardiac  contractions  were  very 
violent  and  shook  the  whole  thorax.  A  striking  feature  of  the  condition  at 
that  time  was  the  reference  of  all  symptoms  to  the  violent  heart  action. 
There  was  neither  dyspnoea  nor  any  change  in  colour.  All  the  ventricular 
beats  produced  radial  pulsations  ;  these,  however,  were  small  and  soft.  In 
about  two  hours  slight  slowing  followed  deep  inspiration,  and  in  about 
two  and  a-half  hours  after  the  administration  of  the  drug,  this  effect  of  deep 
inspiration  was  conspicuous.  The  heart  action  ([uieted  down  after  this 
interval.  Later  in  the  day  the  patient  felt  quite  well  and  showed  no 
objective  signs  of  cardiac  inadequacy.  Fig.  10  was  obtained  while  the 
patient  was  under  the  effect  of  atropine  ;   the  rate  was  1G4  per  minute. 
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The  exjierience  with  atropine  throws  much  hght  on  the  nervous  control 
of  the  heart  in  this  case.  It  is  well  known  that  atropine  removes  the  heart 
from  vagus  control  by  producing  a  paralysis  of  the  inhibitory  nerve  endings, 
and  there  seems  to  be  no  doubt  that  it  was  through  the  removal  of  the  vagus 
inhibition  that  the  very  rapid  heart  action  resulted.  As  the  paralysis  of  the 
vagus  action  caused  so  great  an  increase  in  rate,  it  must  be  concluded  that 
the  vagus  tone  was  constantly  high  and  that  its  inhibitory  power  controlled 
a  heart  which  would  otherwise  have  beat  at  an  abnormally  rapid  rate. 

The  fact  that  the  patient  had  marked  cardiac  sensations  only  during 
the  height  of  the  rapid  rate  after  atropine  suggests  the  possibility  that  at 
this  time  the  heart-beat  passed  the  so-called  critical  rate  described  by 
Wenckebach. 2^  Symptoms  which  may  arise  and  disappear  suddenly  with 
changes  of  rate  during  attacks  of  paroxysmal  tachycardia,  have  been 
ascribed  with  good  reason  by  Wenckebach  to  what  he  calls  auricular  plugging 
("  Pfropfung  ").  The  symptoms  apparently  arise  when  the  auricles, 
contracting  during  the  ventricular  systole  of  the  preceding  cardiac  cycle, 
are  unable  to  propel  the  blood  forward  into  the  ventricles.  He  points  out 
the  role  which  delay  in  conduction  may  play  in  producing  the  coincidence 
of  auricular  and  ventricular  systole  and  shows  how  it  interferes  with  the 
pumping  mechanism  of  the  heart.  Fig.  10  shows  this  coincidence  of  auricular 
and  ventricular  contraction,  for  the  P  wave  is  seen  to  lie  between  the  R  and 
T  waves.  The  mechanism  which  Wenckebach  has  described  is  therefore 
present  here,  and  might  account  for  the  symptom;?  which  were  observed. 
In  Fig.  8,  however,  both  the  electrocardiogram  and  the  venous  tracing 
show  the  same  coincidence  of  auricular  and  ventricular  systoles  that  is  seen 
in  Fig.  10.  Although  there  is  a  considerable  difference  in  rate,  this  auriculo- 
ventricular  relation  is  maintained  by  the  lengthened  conduction  time. 
It  appears  then  that  the  mechanical  conditions  were  quite  suitable  in  both 
instances  (Fig.  8  and  10)  for  the  production  of  symptoms.  But  since  none 
were  present  when  the  curve  in  Fig.  8  was  obtained,  some  doubt  is  attached 
to  the  mere  coincidence  of  the  auricular  and  ventricular  systole  as  the  sole 
factor  in  the  production  of  symptoms  after  the  heart  has  passed  the  so-called 
critical  rate  in  paroxysmal  tachycardia. 

The  prodnrfion  of  the  auricular  extra f^ystole. 

The  auricular  extrasystole  presents  some  features  which  must  be 
considered  with  the  hope  of  gaining  a  clearer  insight  into  the  various  pheno- 
mena of  this  case.  It  is  a  striking  fact  that  the  extrasystole  never  occurs 
except  when  preceded  by  a  ventricular  systole.  Both  the  electrocardiograms 
and  the  graphic  records  show  that  under  all  conditions  the  onset  of  the 
auricular  extrasystole  occurs  at  a  constant  length  of  time  after  the  onset  of 
ventricular  systole.  This  time  is  so  short  that  the  extrasystole  begins 
before  the  end  of  ventricular  systole,  always  accompanying  rather  than 
following  the  ventricular  activity.     The  extrasystoles  in  the  curves  of  Lewis 
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and  of  Rosenthal,  mentioned  above,  also  showed  a  constant  relation  between 
their  onset  and  that  of  the  preceding  ventricular  systoles.  This  constant 
relation  suggests  that  the  ventricular  activity  in  some  way  determines  the 
onset  of  the  auricular  extrasystole,  or  that  both  are  determined  by  the  same 
factor.  If  curves  such  as  those  in  Fig.  8  and  10,  when  a  constantly  rapid 
rate  is  maintained,  were  studied  alone,  the  conclusion  might  seem  justified 
that  some  point  in  or  near  the  atrio-ventricular  system  had  assumed  the 
function  of  the  cardiac  pace-maker.  But  Avhen  the  other  curves  are  con- 
sidered, this  assumption  is  very  improbable.  When  the  rate  is  slow  these 
extrasystoles  occur  during  ventricular  contractions  which  are  obviously 
inaugurated  by  the  preceding  normal  auricular  systoles.  It  is  unnecessary, 
therefore,  to  consider  that  the  junctional  tissues  are  the  site  of  common 
stimulus  production  for  the  sequential  ventricular  systoles,  and  for  the 
auricular  extrasystoles.  The  point  of  origin  of  the  extrasystoles  must  be 
left  undetermined.  When  the  rate  is  rapid,  the  time  relations  between  the 
onset  of  the  auricular  extrasystoles  and  of  the  ventricular  systoles  are  such 
that  it  seems  impossible  that  both  auricles  and  ventricles  could  be  stimulated 
from  some  abnormal  point  lying  between  them.  The  P-Q  time  (Fig.  10) 
is  0-18  to  0-20  sec,  while  the  Q-P  time  is  about  the  same.  If  some  point  in 
the  junctional  tissues  stimulated  both  parts  of  the  heart  simultaneously, 
these  points,  indicating  the  onset  of  auricular  and  ventricular  contractions, 
would  fall  nearer  together.  The  mechanism  of  the  heart-beat  when  the  rate 
is  rapid  is  therefore  not  dependent  on  atrio-ventricular  stimuli.  The  origin 
of  the  extrasystoles,  both  when  it  is  followed  by  ventricular  systoles  and  also 
when  it  is  blocked,  lies  probably  above  the  junctional  tissues.  The  significance 
of  the  constant  relationship  between  the  onset  of  ventricular  contractions 
and  of  the  auricular  extrasystoles  is  not  clear. 

The  role  of  the  cardiac  nerves  hi  determining  the  variations  in  rhythm. 

This  case  presents  a  variety  of  rhythms  which  change  from  one  to  another 
readily  and  suddenly.  Psychic  excitement,  ice  to  the  prsecordium,  rest  and 
the  administration  of  atropine  are  factors  which  all  influence  the  cardiac 
rhythm.  It  is  evident,  therefore,  that  extracardiac  influences  can  change 
the  rhythm,  and  that  these  influences  are  apparently  active  through  the 
nervous  mechanism  controlling  the  heart.  Besides  the  variations  in  the 
effect  which  the  auricular  extrasystoles  have  on  the  ventricular  rate,  there 
are  also  variations  in  the  occurrence  of  the  extrasystoles,  as  at  times  they 
occur  with  every  ventricular  systole,  at  times  with  every  alternate  systole 
and  dviring  one  period  they  failed  to  occur. 

There  is  comparatively  little  experimental  evidence  for  the  belief  that 
such  abnormal  cardiac  rhythms  are  produced  through  the  action  of  the 
cardiac  nerves.  It  is  well  known  that  the  so-called  cardiac  properties  of 
rhythmicity,  conductivity,  irritability  and  contractihty  are  under  the 
influence  of  the  vagi,  which  nerves  are  in  a  state  of  constant  tone.     Hunt^ 
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has  shown  that  the  cardiac  accelerators  are  also  in  tonic  activity  and  that  the 
most  important  functions  of  the  accelerators  seem  to  be  connected  with 
their  constant  state  of  tone.  Hunt's  work  and  that  of  Rothberger  and 
Winterbergi"-  '^^^  ^^  lead  to  the  conception  that  the  cardiac  functions  stand 
between  a  constantly  balanced  nervous  mechanism,  the  vagi  opposing  the 
accelerators.  The  state  of  the  various  cardiac  properties  at  any  one  time  will 
depend  then  on  the  relative  predominance  of  the  vagus  influence  over  the 
accelerators,  or  vice  versa.  Hunt's  experiments  led  him  to  conclude  that 
change  in  vagus  tone  was  the  most  important  factor  in  the  production  of 
changes  in  the  heart-beat  in  the  normal  mammal. 

In  the  case  under  discussion  there  is  at  least  one  fact  which  demonstrates 
that  the  nervous  control  of  the  heart  wa«  abnormal  and  suggests  that  nervous 
influences  were  largely  responsible  for  the  variations  that  were  seen.  When 
atropine  was  given,  the  heart  action  was  very  rapid  and  the  conduction  time 
was  reduced  to  within  the  normal  limit.  At  this  time  it  can  be  safely  asserted 
that  the  action  of  the  accelerator  nerves  predominated  over  the  action  of 
the  paralysed  vagi.  By  analogy  it  .seems  very  probable  that  the  tone  of  the 
vagi  was  reduced  when  a  constantly  rapid  rhythm,  as  seen  in  Fig.  8,  was  in 
progress.  It  seems  probable  also  that  the  changes  from  this  type  of  rapid 
rate  to  slower  rates  when  the  auricular  extrasystoles  became  blocked, 
resulted  from  an  increase  of  vagus  tone  relative  to  that  of  the  accelerators. 
The  rhythmic  changes  of  the  heart-beat  may  be  explained,  therefore,  by 
rhythmic  variations  in  the  nervous  control  of  the  heart.  When  the  acceler- 
ator tone  was  relatively  high,  the  extrasystoles  accompanied  all  ventricular 
systoles  and  were  always  able  to  stimulate  ventricular  contractions.  When 
the  vacrus  tone  was  relatively  high  the  extrasystoles  occurred  with  alternate 
ventricular  systoles  only,  and  were  always  blocked.  During  the  times  when 
these  two  conditions  alternated,  causing  the  characteristic  rhythmic  changes, 
it  may  be  assumed  that  the  tone  of  the  vagi  was  periodically  increased  and 
diminished  relatively  to  that  of  the  accelerators.  During  the  period  of 
several  days  when  the  auricular  extrasystoles  were  absent  and  the  heart 
action  was  relatively  normal,  the  condition  of  the  heart  seemed  to  be  farther 
removed  from  its  condition  after  atropine  than  at  any  other  time.  It  would 
seem  likely,  therefore,  that  at  that  time  the  highest  degree  of  vagus  tone  was 
present  and  that  psychic  excitement  was  the  cause  of  raising  the  vagus  tone. 
Although  periodic  changes  in  the  tone  of  the  cardiac  nervous  mechanism 
may  account  for  the  rhythmic  changes  in  the  heart-beat,  the  fact  that  the 
changes  occurred  so  often  each  time  after  the  same  number  of  beats  suggests 
that  rest  and  fatigue  of  the  heart  muscle  may  itself  play  a  part  in  the 
determination  of  the  rhythmicity.  The  heart  muscle,  however,  would  be 
held  by  the  cardiac  nerves  in  such  a  state  that  neither  the  rapid  nor  the  slow 
rate  could  be  permanently  maintained,  so  that  they  probably  do  play  a  part 
at  all  times  in  determining  the  cardiac  action,  although  under  certain 
conditions  rhythmic  rest  and  fatigue  of  the  muscle  itself  may  come  in  as  a 
causative  factor. 


108  ROBINSON    AND    DRAPER. 

Summary. 

A  variety  of  disturbances  of  cardiac  rhythm  have  been  described  in  an 
otherwise  healthy  boy.  The  usual  type  of  disturbance  in  this  case  was  one 
in  which  the  rate  altered  in  a  rhythmic  manner,  producing  small  groups  of 
rapid  beats  between  which  slow  and  regular  or  coupled  beats  occur.  Either 
the  rapid  rate  of  the  groups  or  the  slow  rate  occurring  between  them  might 
persist  over  a  relatively  long  period  of  time.  These  various  changes  in  the 
cardiac  rhythm  were  the  result  of  the  effects  which  auricular  extrasystoles 
have  on  the  heart-beat.  Different  effects  were  produced,  according  as  the 
extrasystoles  stimulated  ventricular  contractions  or  were  blocked.  The 
alternate  success  or  failure  of  the  auricular  extrasystole  in  stimulating  the 
ventricles  caused  the  rhythmic  changes  in  the  heart-beat. 

The  auricular  extrasystoles  bore  in  all  types  of  rhythm,  a  constant 
relation  to  the  preceding  ventricular  systole.  The  significance  of  such  a 
constant  relationship  is  not  clear. 

The  nervous  control  of  the  heart  was  distinctly  abnormal  and  the 
cardiac  rhythm  was  very  susceptible  to  various  agents  which  influenced  the 
cardiac  nervous  mechanism.  Psychic  excitement  was  accompanied  by  a 
normal  heart-beat,  and  this  was  seen  under  no  other  conditions  ;  atropine 
caused  a  rapid  tachycardia.  The  changes  in  the  cardiac  rhythm  were 
apparently  the  result  of  changes  in  the  nervous  control  of  the  heart,  although 
the  frequent  and  rhythmic  variations  may  have  depended  in  part  on  alter- 
nating states  of  rest  and  fatigue  of  the  heart  muscle  itself. 


Part  II.     {CASE    2.) 

History  and  'physical  examination.  The  second  case  of  rhythmic  changes 
in  the  heart-beat  occurred  in  a  girl  of  seven,  who  suffered  from  mitral 
insufficiency,  apparently  of  rheumatic  origin,  and  probably  from  myocardial 
insufficiency.  She  was  admitted  to  the  Hospital  of  the  Rockefeller  Institute 
on  April  the  18th,  1911,  in  a  state  of  fair  compensation.  Besides  tonsillitis 
before  the  age  of  five  and  diphtheria  at  that  age,  the  patient  had  an  attack 
of  acute  articular  rheumatism  two  months  before  admission.  Her  cardiac 
symptoms,  consisting  largely  of  dyspnoea,  usually  had  occurred  only  after 
exercise.  On  several  occasions  definite  breaks  in  compensation  followed 
violent  exertion.  On  admission  the  physical  examination  was  practically 
negative  except  that  the  heart  was  enlarged.  The  area  of  cardiac  dulness 
extended  4-25  cm.  to  the  right  and  12-5  cm.  to  the  left.  There  was  a  systolic 
murmur  of  mitral  insufficiency  at  the  apex  and  the  heart  w^as  beating 
forcibly  110  times  per  minute. 

Digitalis  was  administered  (0-5  cc.  of  the  tincture  every  four  hours)  from 
April  the  29th  until  May  the  7th.  On  April  the  30th  it  was  first  noticed  that 
an  irregularity  simulating  a  sinus  arrhythmia  was  present,  and  it  seemed 
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even  more  noticeable  on  the  following  day.  The  arrhythmia  persisted  and  on 
May  the  8th  it  consisted  of  a  series  of  fairly  rapid  beats,  then  two  slower 
cycles,  and  then  another  series  of  rapid  ones.  Conspicuous  slowing  followed 
deep  inspiration.  On  the  next  day  it  consisted  of  two,  or  occasionally  three 
slow  irregular  cycles,  followed  by  four,  five  or  six  more  rapid  ones.  Deep 
inspiration  caused  a  considerable  increase  in  the  number  of  slow  irregular 
beats.  The  patient  left  the  hospital  on  this  day  in  good  condition  and 
returned  for  observation  three  days  later,  when  the  heart  was  beating 
regularly.  The  arrhythmia  was  not  present  when  the  patient  was  seen  again 
in  August,  1911. 

Description  of  the  curves.  Records  of  the  arrhythmia  were  obtained  in 
synchronous  tracings  from  the  venous  and  brachial  pulse  and  in  electro- 
cardiograms. A  comparatively  long  graphic  record  was  made,  part  of  which, 
reproduced  in  Fig.  11,  is  characteristic  of  the  entire  curve  and  shows  three 
groups  in  each  of  which  there  are  three  slow  and  three  rapid  beats.  Seven 
groups  of  slow  beats  occurred  in  the  entire  tracing,  and  either  three,  four 
or  five  rapid  beats  occurred  between  them.  The  measurements  of  the  lengths 
of  all  the  cardiac  cycles,  as  measured  from  the  brachial  tracing,  are  tabulated. 


Table  I. 
Length  of  cardiac  cycles  in  seconds. 

Measured  from  the  brachial  tracing  in  Fig.  11  and  in  the  remainder  of  the  curve. 


Cycles  of  the  Slow 

Rhythm 

Cycles  of 

THE  Rapid  Rhythm. 

1st 

2nd 

3rd 

1st 

2nd 

3rd 

4th 

5th 

0-89 

0-94 

0-80 

0-59 

0-50 

0-56 

— 

— 

0-88 

0-92 

0-82 

0-60 

0-60 

0-62 

— 

— 

0-90 

0-93 

0-85 

* 

* 

* 

— 

— 

* 

0-89 

0-83 

0-61 

0-58 

0-57 

0-61 

0-67 

0-92 

0-96 

0-85 

0-fil 

0-57 

0-58 

0-61 

— 

0-91 

0-93 

0-88 

0-60 

0-56 

0-59 

0-63 

0-65 

0-91 

0-95 

0-81 

0-61 

0-57 

0-55 

— 

— 

Average  0-90 

0-93 

0-83 

0-60 

0-57 

0-58 

0-62 

0-G6 

Average  Rate  67  per 

Minute. 

A  verage 

Rate   102  per  Minute. 

*  Cycles  occurring  in  part  of  tracing  that  was  missing. 

From  the  table  it  is  seen  that  the  remarkable  duplication  of  the  groups  is  not 
confined  only  to  their  regular  recurrence,  but  is  noticeable  also  in  the  lengths 
of  the  various  corresponding  cycles,  especially  in  the  slow  beats.  The  second 
beat  of  each  group  is  longer  than  the  others,  while  the  third  is  the  shortest, 
and  the  length  of  the  corresponding  beat  in  each  group  is  strikingly  constant. 
In  the  group  of  rapid  beats,  the  second  beat  is  usually  a  little  shorter  than 
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the  first,  and  a  tendency  for  the  beats  to  lengthen,  as  the  rapid  group  pro- 
gresses, is  seen,  especially  when  the  rapid  group  is  composed  of  four  or  five 
cycles.  These  details  indicate  the  definite  rhvthmicitv  in  the  changes  in  rate 
which  occurred. 

The  jugular  tracing  in  Fig.  11  shows  three  pairs  of  large  unusual  waves 
which  accomj^any  in  each  instance  the  last  two  of  each  group  of  slow  beats. 
Between  these  pairs  of  waves,  four  cardiac  cycles  are  seen,  each  represented 
by  the  usual  a,  c  and  v  waves.  These  two  series  of  normal  waves  have  a  very 
close  resemblance  to  each  other.  The  points  in  the  venous  tracing  which  are 
synchronous  with  the  onset  of  the  brachial  pulse  (marked  6)  always  fall  not 
only  just  after  the  onset  of  the  normal  c  waves,  as  is  to  be  expected,  but  also 
after  the  onset  of  the  large  unusual  waves  as  well,  at  about  the  same  length 
of  time.  As  there  is  no  evidence  of  auricular  activity  before  these  waves, 
it  seems  clear  that  the  onset  of  these  large  waves  represents  the  c  wave,  and 
that  they  are  produced  by  ventricular  activity.  There  are  prominent  waves 
following  closely  and  partially  fused  with  the  c  waves  which  undoubtedly 
represent  auricular  activity.  The  occurrence  then  of  the  waves  in  the  venous 
tracing  which  are  caused  by  auricular  contractions,  marked  a,  is  not  regular, 
and  it  is  evident  that  after  every  four  or  five  normal  cardiac  cycles,  conspicuous 
slowing  of  the  auricular  rate  takes  place.  The  slow  auricular  rate  continues 
for  only  two  beats.  During  these  two  beats  the  ventricular  systoles  do  not 
follow  but  precede  the  auricular  systoles,  the  c  waves  preceding  the  a  waves 
in  the  venous  tracing. 

The  electrocardiogram  (Fig.  12)  shows  a  group  of  two  slow  auricular 
intervals  {P-P  time),  followed  by  seven  rapid  beats.  The  relation 
of  the  i?  waves  to  the  P  waves  during  the  auricular  slowing  is  abnormal. 
The  onset  of  the  i?  wave  is  abnormally  close  to  the  onset  of  the  P  wave, 
sometimes  practically  coinciding  with  it.  This  relation  makes  it  evident  that 
the  ventricular  contractions  during  the  slow  beats  are  not  dependent  for 
their  stimuli  upon  the  auricular  activity. 

Discussion  of  the  curves. 

These  curves  show  two  abnormal  factors  which  together  determine  the 
form  of  the  rhythmic  change  in  the  cardiac  activity.  The  first  is  a  periodic 
change  of  rate  of  the  auricular  contractions.  The  second  is  the  occurrence 
of  an  abnormal  relation  of  the  auricular  and  ventricular  contractions  during 
the  periods  of  slow  auricular  activity.  Each  factor  needs  to  be  discussed 
separately. 

(1)  The  rhythmic  change  in  the  auricular  rate  is  associated  in  this  case 
apparently  with  the  administration  of  digitalis,  as  it  occurred  only  after 
the  patient  was  well  under  the  effect  of  the  drug,  and  disappeared  several 
days  after  the  drug  was  stopped.  The  tracing  of  the  respiratory  movements, 
taken  synchronously   with   the  electrocardiogram,   shows  that  the  sudden 
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slowing  of  the  auricular  rate  bears  no  relation  to  respiration.  This  observa- 
tion is  in  accord  with  that  of  TurnbulP"  who  observed  marked  changes  in 
rate  of  the  whole  heart,  independent  of  the  respiratory  movements,  following 
the  US3  of  squills,  Avhich  he  considered  as  dependent  on  changes  in  vagus  tone. 
There  was  also  in  his  case  considerable  depression  of  conductivity  leading  to 
partial  heart-block. 

The  rhythmic  changes  of  rate  which  occurred  in  our  case  seem  very 
probably  to  have  resulted  from  the  action  of  the  drug  on  the  heart  through 
the  vagi.  It  is  well  known  that  digitalis  acts  on  the  heart,  at  least  in  part, 
through  its  ability  to  raise  the  vagus  tone,  but  usually  the  increase  of  vagus 
action  has  a  more  marked  inhibitory  effect  on  the  conductivity  than  on  the 
rhythmicity  of  the  heart.  There  is,  in  fact,  considerable  evidence  for  the 
belief,  esjDecially  emphasized  by  Cushny,^  that  the  therapeutic  value  of 
digitalis  depends  largely  upon  its  ability  to  lower  conductivity.  In  this  case 
conductivity  was  not  lowered,  as  the  P-R  interval  in  the  electrocardiogram 
never  exceeds  017  sec,  Avhich  is  within  the  normal  limits.  The  drug  has  then 
apparently  produced  a  disturbance  in  rhythmicity  without  affecting 
conductivitv. 

(2)  The  abnormal  relation  of  the  auricular  and  ventricular  contractions 
during  the  periods  of  slow  auricular  rate  is  seen  in  both  the  venous  tracings 
and  in  the  electrocardiograms.  As  has  been  pointed  out,  during  these 
periods  the  ventricular  contractions  are  not  dependent  for  their  stimuli  upon 
the  auricular  contractions.  It  is  clear  also  that  the  auricular  and  ventricular 
systoles  in  the  slow  cardiac  cycles  are  not  the  result  of  fixed  ectopic  stimulus 
formation  common  to  both,  as  it  is  indicated  in  both  the  venous  tracings  and 
the  electrocardiograms  that  the  relation  of  these  activities  to  each  other  is 
not  constant.  The  fact  also  that  the  P  wave  of  the  electrocardiogram  in 
these  abnormal  cycles  is  not  deformed  shows  that  the  course  of  the  contraction 
through  the  auricle  is  normal.  The  ventricular  complexes  are  also  not 
deformed.  It  is  clear,  therefore,  that  the  impulses  for  their  contractions 
arise  in  some  point  between  the  auricles  and  the  ventricles  and  passes  to  the 
latter  in  a  normal  manner.  The  curves  indicate,  therefore,  that  the  stimulus 
formation  for  the  ventricles  is  taken  up  by  some  independent  point  which 
possesses  an  inherent  rate  of  rhythmicity  higher  than  that  of  the  auricles 
during  their  slow  periods,  and  ventricular  contractions  result. 

The  inherent  rate  of  the  point  which  becomes  the  pace-maker  of  the 
ventricles  when  they  beat  independent  of  the  auricles,  is  in  this  instance 
about  sixty  beats  per  minute.  The  action  of  digitalis  had  no  effect  on  the 
inherent  rate  of  this  point,  as  ventricular  contractions  at  the  same  rate 
appeared  when  the  patient  was  free  from  the  effect  of  the  drug  and  when  the 
auricular  rate  was  slowed  by  pressure  on  the  right  vagus  nerve.  The  curves 
showing  this  result  of  vagus  pressure  in  this  case  were  published  in  a  previous 
communication^^  (Fig.  12-15).  Although  nothing  is  known  as  to  the  rate 
at  which  the  ventricles  of  a  normal  child  of  seven  would  beat  independently 
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of  the  auricles,  it  seems  very  likely,  from  what  is  known  in  general  of  indepen- 
dent ventricular  rhythmicity,  that  this  rate  of  sixty  beats  per  minute  is 
abnormally  high.  An  even  higher  inherent  ventricular  rate  has  been 
encountered  in  two  other  cases  of  endocarditis  in  children,  in  which  the 
ventricles  beat  spontaneously  whenever  the  auricular  rate  was  sufl&ciently 
slowed  by  stimulation  of  the  right  vagus  nerve.  These  cases  have  been 
discussed  in  a  previous  paper. ^^  The  curves  shoAWng  this  dissociation 
resemble  in  form  those  obtained  by  Rothberger  and  Winterberg^"  during 
right  vagal  and  left  accelerator  stimulation  in  dogs.  In  their  experiments 
the  vagus  stimulation  lowered  the  rate  of  the  heart-beat  as  set  by  the  sino- 
auricular  node,  while  the  accelerator  stimulation  raised  the  inherent  rate  of 
the  ventricles,  thus  causing  it  to  exceed  that  of  the  slowed  auricles.  In  our 
cases  the  right  vagus  alone  was  stimulated,  and  we  think  that  the 
ventricles  established  their  independent  rhythm  because  their  inherent 
rate  was  raised  bv  a  constant  abnormal  activity  of  the  accelerator 
nerves,  or  through  a  heightened  susceptibiht}'  of  the  heart  muscle  to  the 
action  of  the  accelerators. 

Sinnmary. 

The  curves  from  a  child  of  seven,  suffering  from  chronic  endocarditis, 
showed  rhythmic  changes  in  the  heart-beat  which  were  determined  by  two 
abnormal  factors.  First,  there  was  a  sudden  and  profound  change  in  the 
auricular  rate,  occurring  in  a  definitely  rhythmic  manner.  This  was 
apparently  an  effect  of  digitalis.  Second,  the  ventricles  beat  independently 
of  the  auricles  during  the  periods  of  slow  auricular  rate.  This  occurred 
because  the  inherent  rate  of  the  site  of  ventricular  stimulus  formation 
exceeded  that  of  the  retarded  auricles.  The  actual  rate  was  high,  and  was 
occasioned,  we  believe,  by  a  hypertonus  of  the  cardiac  accelerator  nerves  or 
of  a  heightened  susceptibility  of  the  heart  to  the  action  of  these  nerves. 


Part  III.     {CASE  3.) 

History.  A  physician,  aged  fifty-six,  who  fives  in  a  high  altitude  and 
who  is  an  active  man,  noticed  about  the  year  1900  that  he  had  occasional 
cardiac  irregularity.  This  irregularity  consisted  of  an  intermission,  occurring 
after  a  sequence  of  six  or  seven  beats.  At  first,  withholding  tobacco  for  a 
few  days  seemed  to  induce  more  regular  heart  action.  A  trip  towards  sea 
level  had  the  same  effect.  For  a  long  period  mental  diversion,  alcoholic 
stimulation  or  excitement  seemed  to  bring  about  at  once  a  slower  and  regular 
rhythm.  The  irregularity  had  become  steadily  more  pronounced  and  when 
he  was  seen  was  not  so  amenable  as  formerly.  Except  for  the  discomfort 
of  the  sensations  of  cardiac  irregularity,  no  serious  inconvenience  has  been 
suffered.     The  patient  had  dizzy  spells  and  tinnitus  aurium  at  times  for 
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many  years,  and  on  several  occasions  fainting  attacks  have  been  narrowly 
averted.  Stabbing  heart  pains  have  occasionally  been  annoying.  Tobacco 
had  not  been  used  immoderately,  and  he  had  taken  very  little 
alcohol. 

The  patient  had  scarlet  fever  at  the  age  of  ten  and  pneumonia  at 
sixteen.  He  was  very  athletic  in  college  betAveen  the  ages  of  seventeen  and 
twenty-one,  and  then  turned  suddenly  to  the  sedentary  life  of  a  laboratory 
worker.  About  ten  years  after  graduation,  he  developed  pulmonary 
tuberculosis,  from  which  he  entirely  recovered  after  five  or  six  years.  He  had 
typhoid  fever  in  1896  after  which  he  had  a  "  typhoid  rib,"  for  which  he  was 
operated  on  (curetted).     Healing  rec{uired  eighteen  months. 

Physical  examination.  Physical  examination  on  June  the  16th,  1911, 
showed  practically  nothing  abnormal.  When  the  patient  sat,  percussion 
demonstrated  that  the  right  cardiac  border  coincided  with  the  left  sternal 
margin.  The  superior  outline  of  relative  dulness  lay  in  the  third  left  inter- 
space, and  ran  down  2-2  cm.  to  the  left  of  the  left  nipple  to  the  sixth  interspace, 
12-5  cm.  to  the  left  of  the  mid-sternum.  The  apex  beat  was  under  the  sixth 
rib  and  in  the  sixth  space,  and  its  outer  border  being  12-5  cm.  to  the  left  of 
the  mid-sternum.  The  first  heart  sound  at  the  apex  was  impure  and  ''  scrapy," 
and  the  interval  between  the  first  and  second  sounds  was  abnormally  short. 
The  other  sounds  were  clear.  The  pulse  rate  whilst  sitting  was  116  per 
minute,  not  counting  frequent  intermissions.  The  blood  pressure  (Janeway 
instrument)  was  110  mm.  mercury  for  the  strong  beats  which  came  through 
the  cuff  after  the  pauses  ;  the  weaker  beats  forming  the  main  part  of  the 
rhythm  came  through  at  about  104  mm..  The  urine  has  always  been 
normal. 

Description  of  curves.  The  electrocardiograms  (Fig.  13  and  14)  were 
obtained  after  the  patient  had  been  smoking,  and  show  groups  of  rapid  beats 
divided  from  each  other  in  a  rhythmic  manner  by  single  prolonged  cardiac 
cycles.  The  two  curves  differ  from  each  other  because  the  first  was  obtained 
with  the  second  lead,  the  right  arm  and  left  leg,  while  the  second  was  obtained 
by  the  third  lead,  the  left  arm  and  left  leg.  They  differ  also  in  that  there  are 
six  beats  (Fig.  14)  in  a  group  in  one  tracing  and  seven  beats  (Fig.  13)  in  a 
group  in  the  other.  In  Fig.  13  (second  lead),  after  a  long  diastole,  a  cycle 
occurs  which  is  represented  by  a  well  defined  positive  P  wave,  a  very  small 
R  wave,  a  well  marked  ^S'  wave  and  a  low,  rather  elongated  T  wave.  The 
unusual  R  wave  is  constant  throughout  the  curve  and  its  form  need  not 
concern  us  here.  The  T  wave  is  apparently  unchanged  except  by  being 
deformed  through  partial  coincidence  with  the  wave  that  follows  it.  The 
important  and  striking  change  occurs  in  the  P  wave,  which  is  reversed  or 
negative  in  all  the  cycles  which  follow  until  the  next  pause.  This  change  in 
the  shape  of  the  P  wave  indicates  that  the  stimulus  of  contraction  arises  in 
some  abnormal  point  and  passes  through  the  cardiac  structures  in  an  abnormal 
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fashion.  In  other  words,  the  negative  P  wave  indicates  that  it  represents 
an  ectopic  auricular  systole  which  by  its  rhythmic  occurrence  controls 
the   heart  rate. 

A  study  of  this  curve  reveals  the  following  facts  :  After  a  pause  of  the 
heart  in  diastole,  a  cardiac  cycle  of  normal  sequence  occurs.  The  diastole 
following  this  normal  beat  is  short  and  is  interrupted  by  an  abnormal 
auricular  systole,  which  stimulates  a  ventricular  systole  after  a  normal 
conduction  time.  Stimuli  continue  to  arise  at  the  abnormal  point  at  a  fairly 
rapid  rate  for  five  more  beats,  each  followed  by  a  ventricular  contraction. 
Then  a  period  occurs  in  which  stimuli  cease  to  be  generated  in  the  abnormal 
point,  and  a  pause  again  occurs  which  allows  the  normal  cardiac  pace-maker 
to  re-establish  itself.  The  normal  mechanism  is  dominant  for  one  beat  only, 
when  the  ectopic  impulses  again  resume  control. 

The  same  mechanism  is  shown  in  Fig.  14,  except  that  the  pause  occurs 
after  five  rapid  beats  instead  of  after  six.  The  lengths  of  the  cardiac  cycles, 
as  measured  from  the  beginning  of  one  ventricular  systole  to  the  next,  vary 
considerably,  and  fall  into  three  groups.  The  long  cardiac  cycles  which 
include  the  pauses  average  103  seconds  in  length  and  indicate  a  heart  rate 
of  58  beats  a  minute.  The  first  cycles  after  the  pauses  average  Ooo  seconds 
in  length  and  indicate  a  rate  of  109  beats  a  minute,  while  the  remaining  beats 
of  the  groups  average  0-45  seconds  in  length,  indicating  a  rate  of  133  beats 
per  minute.  Besides  the  rhythmic  occurrence  of  beats  belonging  to  these 
three  groups,  the  beats  of  each  group  have  a  tendency  to  shorten  as  the  end 
of  the  group  is  approached.  As  all  these  beats  arise  from  the  same  abnormal 
point  of  stimulus  formation,  it  is  evident  that  the  rate  of  stimulus  formation 
gradually  increases  until  for  some  reason  the  abnormal  stimuli  suddenly 
cease.  This  sudden  cessation  suggests  that  fatigue  sets  in  and  that  rest  is 
necessary  before  the  function  of  stimulus  formation  can  be  resumed.  It  is 
probable,  therefore,  that  a  rhythmic  alteration  in  the  excitability  occurs  in 
some  auricular  region  which  is  capable  of  generating  stimuli,  and  that  the 
change  in  excitability  is  determined  by  periods  of  rest  and  fatigue  of  the  heart 
muscle  itself. 

Summary. 

The  curves  from  this  healthy  man  of  fifty-six  show  rhythmic  changes  in  the 
heart-beat  which  are  caused  by  the  fact  that  an  abnormal  auricular  region 
generates  stimuli  at  a  rate  faster  than  that  of  normal  stimulus  formation. 
The  region  therefore  becomes  the  cardiac  pace-maker,  a  function  which  it 
seems  unable  to  maintain  constantly.  After  a  series  of  five  or  six  abnormally 
rapid  beats,  this  ectopic  pace-maker  fails  to  produce  stimuli  and  a  pause  in 
its  activity  occurs,  during  which  one  normal  cardiac  cycle  is  developed. 
During  this  pause  rest  allows  the  abnormal  pace-maker  to  resume  its  stimulus- 
forming  function  which  ceases  again  after  the  same  number  of  beats  as  before, 
on  account  of  fatigue  of  the  heart  muscle  itself. 
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General  discussion. 

In  the  three  cases  that  have  been  described,  the  feature  common  to  all 
is  the  rhythmically  recurring  changes  in  the  heart-beat.  Such  striking  phasic 
changes  are  apparently  rare.  There  is  one  form  of  rhythmic  change  in  the 
rate  of  the  ventricular  contractions,  however,  which  is  not  very  infrequent 
and  which  occurs  in  partial  heart-block.  It  is  produced  when  every  third 
or  fourth  auricular  systole  fails  to  stimulate  a  ventricular  systole  and  when 
the  conduction  time  in  a  group  of  beats  shows  progressive  lengthening  until 
the  block  occurs.  Partial  heart-block  due  to  digitalis  frequently  exhibits 
this  condition. 

Rhythmic  changes  in  the  heart-beat  were  first  experimentally  investigated 
by  Luciani,^^  who  studied  the  periodic  action  of  the  suspended  frog's  heart 
under  numerous  conditions.  Some  of  the  curves  show  fairly  definite  rhythmic 
changes.  Among  others,  OhrwalP^  and  later  Langendorff^  have  discussed 
these  peculiarities  of  heart  action  which  are  associated  especially  with  certain 
stages  of  partial  cardiac  asjihyxiation.  Ohrwall  considered  that  changes  in 
the  heart  muscle,  especially  in  excitability,  underlay  the  rhythmic  changes, 
while  Langendorff  thought  that  changes  in  the  controlling  nervous  mechanism 
were  probably  primarily  responsible.  The  cardiac  action  of  the  cases  here 
described  is  qviite  different  from  the  so-called  Luciani  periods.  We  have 
recently  obtained  electrocardiograms  of  what  seem  to  be  true  Luciani  periods 
in  the  human  heart  from  dying  patients,  and  they  show  groups  of  beats  of  the 
whole  heart,  followed  by  pauses  sometimes  a  full  minute  in  length.  These 
observations  have  been  described  in  detail  in  another  communication. ^^ 

Wenckebach 2 2  has  drawn  an  analogy  between  the  cardiac  rhythm 
observed  in  a  patient  and  the  Luciani  periods.  His  case  resembles  super- 
ficially our  first  case.  The  details  of  the  venous  curves  are  not  entirely  clear, 
owing  to  the  rapidity  of  the  cardiac  rate,  but  it  is  almost  certain  that  the 
periodic  changes  of  rate  affected  the  whole  heart  and  auricular  extrasystoles 
played  no  part.  In  this  respect  his  case  does  resemble  more  closely  the 
Luciani  periods  than  do  ours.  Wenckebach  interprets  the  periodic  changes 
in  rate  as  caused  by  depression  of  excitability  and  rhythmicity  of  the  heart 
through  the  activity  of  the  cardiac  nervous  mechanism.  It  is  an  example 
of  rhythmic  changes  in  the  heart-beat  which  is  different  from  any  we  have 
observed. 

A  case  resembling  closely  our  second  case  has  been  described  by  Lewis.  ^^ 
The  patient  was  under  the  influence  of  digitalis  and  the  rhythmic  changes  of 
rate  seemed  to  result  from  its  action  through  the  vagi.  Not  only  rhythmicity 
but  also  conductivity  was  disturbed,  however.  With  the  slow  auricular 
rate  the  ventricles  inaugurated  their  own  contractions,  just  as  occurred  in 
our  case.  Belski^  has  aleo  published  a  curve  (Fig  9)  resembling  the  poly- 
graphic  tracings  from  our  second  case.  Except  for  rhythmic  changes 
produced  by  regularly  recurring  extrasystoles,  such  as  that  reported  by 
Laslett,'^  no  other  forms  of  rhythmic  changes  in  the  human  heart-beat  have 
been  described,  so  far  as  we  know. 
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The  relatioyi  of  our  cases  to  other  forms  of  arrhythmia. 

The  classification  of  the  cardiac  arrhythmias  in  general  use,  that 
advocated  by  Hering,"*  offers  no  satisfactory  place  for  these  now  described, 
although  extrasystoles,  auricular  in  the  first  and  third  and  ventricular  in 
the  second,  play  a  role  in  all.  They  cannot  be  considered,  however,  as 
extrasystolic  arrhythmias    in  the    usual  sense. 

A  more  interesting  consideration  is  the  relation  which  the  first  and 
third  cases  have  to  paroxysmal  tachycardia.  Largely  through  Lewis'  ^'  ^'^  ^° 
work  it  now  seems  clear  that  the  paroxysms  of  tachycardia  occur  when  some 
region  of  the  heart  outside  of  the  sino-auricular  node  takes  over  the  function 
of  impulse  formation.  This  ectopic  impulse  formation  becomes  apparent 
only  when  the  impulses  are  generated  at  a  rate  higher  than  that  of  the 
sino-auricular  node,  for  only  then  does  the  abnormal  region  become  the 
cardiac  j^ace-maker. 

In  the  first  and  third  cases  presented  in  this  paper,  a  rapid  cardiac 
rhythm  occurs  when  a  site  originating  ectopic  auricular  systoles  stimulates 
the  ventricular  contractions.  An  abnormal  activity  of  the  accelerator 
nerves  may  here  play  a  part  in  determining  the  ectopic  auricular  activity 
which  becomes  the  cardiac  pace-maker  for  short,  interrupted  periods.  There 
is  in  one  of  these  cases  some  evidence  that  the  accelerators  were  abnormally 
active.  There  is  also  experimental  evidence  that  the  rate  of  stimulus 
formation  may  be  raised  by  accelerator  stimulation  in  abnormal  regions 
above  that  of  the  sino-auricular  node.  Thus  Hering"*  has  found  that 
accelerator  stimulation  may  not  only  quicken  the  heart-beat,  but  may 
produce  tachycardia.  Rothberger  and  Winterberg  have  shown  that 
accelerator  stimulation  raises  the  rate  of  rhythmicity  of  points  in  the  ventricles 
of  hearts  poisoned  by  barium  and  calcium  above  that  of  the  sino-auricular 
node,  thus  producing  ventricular  tachycardia.  Possibly  the  normal  pace- 
making  region  works  usually  relatively  near  its  maximum  rate,  while  other 
regions  may  be  raised  by  influences  outside  of  the  heart  itself,  especially 
by  stimulation  of  the  accelerator  nerves,  to  a  much  higher  rate  of  rhythmicity 
than  is  normally  present.  Although  the  mechanism  underlying  each  of  these 
two  cases  may  be  the  same  as  that  underlying  paroxysmal  tachycardia,  the 
rate  of  the  rapid  beats  is  not  so  high  as  usual,  nor  is  it  constantly  maintained. 

General  summary. 

In  the  three  cases  that  are  described,  changes  in  the  heart  rate  have 
been  observed  by  graphic  records  which  occur  in  a  rhythmic  manner.  The 
phasic  character  of  these  changes  is  the  only  feature  common  to  all.  In  the 
first  case  the  rhythmic  change  was  the  result  of  the  alternating  success  and 
failure  of  ectopic  auricular  systoles  to  stimulate  ventricular  contractions. 
In  the  second  case  the  auricular  rate  changed  rhythmically  and  became 
periodically  so  slow  that  the  ventricles  were  able  to  inaugurate  their  own 
rhythm.  The  periodic  changes  in  auricular  rate  resulted  from  the  adminis- 
tration of  digitalis.     In  the  third  case  ectopic  auricular  systoles  occurred  in 
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groups  at  a  rate  more  rapid  than  that  of  the  normal  sino-auricular  rhythm,  and 
the  site  from  which  they  arose  became  periodically  the  cardiac  pace-maker. 

The  two  cases  in  which  ectopic  auricular  systoles  periodically  became  the 
cardiac  pace-maker  are  apparently  closely  allied  to  or  identical  with 
paroxysmal  tachycardia  so  far  as  the  mechanism  underlying  the  abnormal 
cardiac  action  was  concerned. 

In  the  first  two  cases  the  nervous  mechanism  controlling  the  heart-beat 
seemed  to  be  abnormal  and  played  an  important  but  not  an  exclusive  role 
in  the  production  of  the  rhythmic  changes.  In  the  third  case,  although 
there  is  less  evidence  of  such  an  abnormality  the  sudden  appearance  of  the 
unusual  cardiac  activity  suggests  that  here  also  the  nervous  controlling 
mechanism  ^\as  a  factor  in  determining  its  onset. 
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EXTR ASYSTOLE    AND    THE    STAIRCASE    PHEXOMEXOX. 

By  E.  W.  GOTELIXG  VIXXIS. 

[The    Hague). 

1  \\1SH  to  draw  attention  to  a  very  curious  occurrence,  which  I  had 
occasion  to  observe  in  examining  a  patient  under  my  care  for  attacks  of 
paroxysmal  tachycardia.  He  is  a  man  of  nearly  sixty  years  of  age,  and 
has  suffered  from  these  attacks  for  about  forty  years,  being  otherwise  quite 
Healthy.  The  attacks  were  of  the  ordinary  auricular  form,  as  may  be  easily 
seen  in  the  tracing  (Fig.   1),  where  the  auricular  wave  a  is  clearh'  visible. 


Fig.   1.     Jugular  and  radial  curves  during  attack  of  paroxysmal  tachycardia.   Pulse  rate,  180. 

The  attacks  came  about  once  a  month,  with  some  regularity;  left  to  themselves 
they  would  sometimes  persist  for  thirty  hours  and  more,  after  an  intra- 
muscular injection  of  Digalen  (3  cc.)  they  invariably  stopped  after  an  hour 
or  two. 

So  far  as  I  have  related  it  the  case  does  not  present  any  unusual  feature. 
During  an  interval  between  attacks  the  patient,  who  usually  felt  quite  well 
at  such  times,  came  to  me  because  he  felt  some  disagreeable  sensation  of 
irregular  heart-action.  (I  must  mention  here  that  during  the  intervals  he 
took  no  cardiac  tonic,  but  for  the  last  week  had  taken  small  doses  of  iodide  of 
potassium.) 

Xow  extrasystoles  were  not  uncommon  in  this  patient.  I  had  observed 
them  in  him  many  times  before  ;  they  were,  as  a  rule,  of  the  ventricular  type 
after  attacks  of  tachycardia,  though  otherwise  usually  of  the  auricular 
type  as  could  be  expected  in  a  sufferer  from  paroxysmal  tachycardia.  But  it 
seemed  that  this  irregularit}'^  which  he  would  hardly  notice  at  other  times 
now  disturbed  him  to  a  certain  extent.  Therefore,  after  feeling  the  pulse 
and  noticing  several  "  dropped  beats,"  I  took  a  tracing,  which  to  my  surprise, 
presented  the  features  reproduced  in  Fig.  2. 
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Fig.  2.     Jugular  and  radial  tracing,  presenting  extrasystole,  followed  by  staircase. 

It  will  be  seen  that  there  is  a  ventricular  extrasystole  E,  which  gives  a 
very  slight  elevation  in  the  radial  pulse,  while  in  the  jugular  tracing  the 
corresponding  wave  c^  coincides  with  the  a  wave,  which  comes  exactly  at  the 
time.  The  following  radial  pulse  comes  exactly  at  the  anticipated  point  ; 
there  is  a  full  compensatory  pause  ;  there  is  no  disturbing  of  the  function  of 
conductivity  as  the  a-c  interval  is  the  same  throughout  and  never  exceeds 
one-fifth  of  a  second.  But  where  we  are  led  to  expect  the  following  wave 
in  the  radial  pulse  to  be  larger  than  usual,  here  we  see  verj-  clearly  that  it 
is  much  smaller.  After  this  there  is  a  regular  and  gradual  increase,  till  after 
five  or  six  beats  the  waves  are  as  large  as  might  have  been  expected  of  the 
first  beat  after  the  pause,  then  a  gradual  decrease  to  the  normal  strength  is 
visible.  Happily  I  was  able  to  verify  this  phenomenon  (^^  liicli,  by  the  way, 
Avas  absolutely  independent  of  breathing)  in  more  than  one  instance.  As  the 
phenomenon  is  in  a  measure  paradoxical  and,  so  far  as  I  know,  in  this 
connection  has  never  been  described  before,  I  give  tracings  of  two  other 
periods  in  which  the  same  features  are  easily  recognised   (Fig.   3  and  4). 
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Fig.  3.     Venous  and  radial  pulse,  showing  extrasjstole,  followed  by  staircase. 


Fig.  4.     Radial  tracing,  showing  extrsisystole  and  very  striking  staircase. 
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In  Fig.  4  the  venous  pulse  is  not  given.       It  is  reproduced  because  the 
phenomenon  is  still  more  striking  here  than  in  Fig.  2  and  3. 

The  curves  2-4  present  a  perfect  resemblance  with  those  known  in 
physiology  as  showing  the  "  staircase  phenomenon  "  and  first  observed  by 
Bowditch,  whose  name  has  since  been  connected  \\ith  it.  In  experiment 
it  is  sometimes  (not  as  a  rule)  seen  after  vagus-stimulation,  when  this  has 
first  effected  a  standstill  of  the  heart.  Gaskell  thinks  it  can  be  produced  in 
two  ways  :  first  because  the  contractility  has  been  so  affected  that  it  needs 
some  time  to  perfectly  restore  itself  ;  second,  because  the  action  of  the 
heart-cavity  under  observation  begins  with  a  i)artial  contraction  and  only 
gradually  extends  over  all  the  muscle  fibres.  Mackenzie  in  his  "Diseases 
of  the  Heart  "  gives  some  instances  of  the  staircase  occurring  clinically  after 
a  standstill  of  the  m  hole  heart  under  the  influence  of  digitalis  ;  cUnical 
observations  presenting  the  phenomenon  after  an  ordinary  extrasystole  have, 
so  far  as  I  know,  never  been  published.  It  seems  difficult  to  say  which  of  the 
two  possibilities  put  by  Gaskell  may  be  the  cause  of  the  staircase  as  I  observed 
it  here.  First  we  should  notice  that,  so  far  as  can  be  judged  from  the 
jugular  tracings,  the  phenomenon  is  confined  to  the  ventricle,  the  a  wave 
presenting  no  striking  differences  in  size. 

I  should  be  inchned  to  think  that  here  we  have  an  affection  purely  of 
contractility  ;  chiefly  because  the  pulse  waves  gradually  increase  so  far 
as  to  become  larger  than  usual,  A\hile  in  a  man,  who  as  a  rule  lived  as  a 
perfectly  healthy  person,  we  cannot  suppose  that  the  beats  of  usual  size  should 
be  effected  by  an  imperfect  ventricular  contraction.  It  would  also  be 
difficult  to  suppose  that  a  contraction  extending  gradually  over  the  different 
muscle  fibres  would  produce  such  a  regular  staircase,  because  in  the  ventricle 
of  the  human  heart  the  muscle  fibres  are  largely  differentiated  as  to  their 
functions  and  contribute  by  no  means  in  an  equal  measure  to  the  propelling 
of  the  blood. 

If  the  staircase  then  must  be  ascribed  to  an  impairment  of  the  function  of 
contractility,  we  come  to  the  cpiestion  how  it  was  that  this  function,  which 
as  a  rule  in  this  patient  showed  no  signs  of  being  in  any  way  affected,  came 
suddenly  to  be  disturbed.     Here  I  should  like  to  draw  attention  to  a  paper 
of  Rihl,^  who  first  doubted  if  the  ordinary  increase  of  the  "  postextrasystolic 
systole  "  was  only  produced  by  the  longer  pause  and  the  more  ample  restora- 
tion of  functions  during  the  longer  rest,  combined  with  the  greater  filling  of 
the  ventricle  Avith  blood.     Rihl  came  to  the  conclusion  that  there  must  be 
another  factor  ;   chiefly  on  account  of  observations  where  the  pause  after  an 
extrasystole  was  not  longer  or  even  shorter  than  usual  and  where  the  increase 
in  size  of  the  folloAving  beat  was  nevertheless  obvious.     He  assumes  that 
a  premature  beat  as  such  has  a  power  of  increasing  the  function  of  contractility 
for  the  following  beat.     Sometimes  even  the  two  or  three  following  beats 
may  thus  become  stronger  than  usual.     It  is,  however,  more  common  to  see 
the  contractihty  affected  so  that  the  second  beat  after  the  extras3^stole  is 
smaller  than  its  predecessor,  or  even  smaller  than  the  ordinary  beats,  from 
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which  a  sort  of  "  pulsus  alternans  "  may  result  for  some  beats  ;  a  phenomenon 
which  has  been  taken  by  Mackenzie  and  others  as  sigmim  mali  ominis. 

Before  Rihl,  Wood  worth,  ^  although  giving  no  definite  explanation,  had 
already  seen  an  analogy  between  the  increase  of  the  postextrasystolic  beat 
and  the  staircase  phenomenon,  and  even  went  so  far  as  to  call  it  "  a  fresh 
example  of  the  staircase  phenomenon."  a  somewhat  daring  supposition 
because  in  his  cases  the  "  staircase  "  had  only  one  step.  My  observations, 
however,  seem  to  show  that  he  was  not  altogether  in  the  wrong.  As  an 
exception  we  here  have  the  reversed  influence  of  the  premature  beat  on  the 
function  of  contractility  :  notwithstanding  the  longer  pause  there  is  a 
decrease  of  this  function,  wliich  only  gradually  gives  place  to  the  usual  effect 
of  increase.  An  analogy  with  normal  and  abnormal  reflex  phenomena  (the 
most  popular  is  perhaps  that  of  Babinski)  is  obvious.  Here  the  premature 
beat  seems  to  act  as  a  stimulus,  which  bv  a  nervous  reflex  affects  the 
contractility,  in  this  case  by  depressing  it.  as  a  rule  by  increasing  it.  which 
by  analogy  may  now  safely  be  assumed. 

A  reflex  needs  some  easily  measurable  time  to  produce  its  full  effect  and 
I  am  glad  to  be  able  to  give  a  tracing  taken  from  the  same  patient  on  the  same 
day,  where  this  seems  to  be  more  clearh^  shown.     In  Fig,  5  the  extrasystole 


^^./v/A/-     -' 


O-o-"  ^,    r,/^A    .  r^. 


rU-'^l^^ 


"vl  ^J  \ 


\r- i\  V  \i^> 


beat. 


Jugular  and  radial  tracings  showing  staircase,  first  falling,  then  rising  after  a  premature 


occurs  somewhat  later  in  the  period,  as  shown  by  the  greater  elevation  in  the 
radial  tracing.  Xow  here  the  following  beat  is  only  a  little  smaller  than  the 
ordinary  beats  and  \\e  see  that  the  full  effect  of  the  reflex,  which  affects  the 
contractilitv,  is  shown  onlv  in  the  second  and  third  beats,  after  which  the 
gradual  increase  is  seen  as  in  the  other  tracings.  In  •"  reversed  "  analogy 
with  this  observation  are  the  observations  of  Rihl.  that  the  increase  of  the 
postextrasystohc  beat  is  stronger  in  proportion  as  the  extrasystole  is  more 
premature.  The  curve  of  Fig.  5  seems  also  to  preclude  any  explanation 
which  might  attribute  the  decrease  of  the  beats  to  a  simple  exhaustion  of 
the  heart-muscle  after  the  atypical  and  perhaps  forcible  contraction  of  the 
extrasystole  ;  in  this  case  the  beat  immediately  following  the  extrasystole 
should  always  be  the  weakest. 

As  the  staircase  phenomenon  is  produced  in  experiment  by  vagus 
stimulation,  we  are  inchned  to  think  that  here  also  the  extras^'stole  acted 
as  a  stimulus  for  a  vagus  reflex.     If  this  be  true,  it  is  very  curious  to  see  how 
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strictly  the  vagus-action  is  here  confined  to  the  function  of  contractility  of 
the  ventricle,  while  the  conductivity  and  stimulus  production  are  not  affected 
at  all  ;  and  these  observations  may  be  taken  as  anotlier  instance  for  the 
independence  of  the  different  functions  of  the  heart,  even  for  the  independence 
in  action  of  the  different  vagus-fibres.  In  fact  we  are  more  and  more  com- 
pelled to  consider  the  vagus  not  as  a  single  nerve  but  as  a  cj^uantity  of  nerves 
with  very  different  functions,  included  in  one  "  reservoir." 

I  give  these  observations  witliout  further  speculation,  as  I  think  they 
might  be  of  some  interest,  I  will  not  omit  to  say,  however,  that  the  day 
after  the  taking  of  these  tracings  the  patient  had  a  short  attack  of  paroxysmal 
tachycardia  and  that  afterwards  the  phenomenon  was  no  more  observed. 
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PAROXYSMAL    TACHYCARDIA. 

THE  PAROXYSMS  ARISE  FROM  IMPULSES  OF  VENTRICULAR  ORIGIN.  THE 
AURICLE     RESPONDS     TO     THE     VENTRICLE.         EVIDENCE     OF    TWO     POINTS     OF 

ABNORMAL    VENTRICULAR    IRRITABILITY. 

By  T.  STUART  HART. 

{New  York). 

{From  the  Second  Medical   Division  oj  the  Presbyterian  Hospitcd). 

Paroxysmal  tachycardias  of  ventricular  origin  are  in  our  experience  of 
rare  occurrence,  and  a  review  of  the  hterature^*^  ^  would  seem  to  confirm  us 
in  this  view.  Of  the  seventeen  cases  of  paroxysmal  tachycardia  of  which 
we  have  been  able  to  make  more  or  less  complete  studies  by  graphic  methods 
this  is  the  only  one  in  which  the  proof  seems  to  be  adequate  that  we  are 
dealing  with  a  condition  in  which  the  damaged  ventricular  musculature 
is  the  underlying  cause  of  the  paroxysms. 

Clinical  history. 

J.  W.,  a  married  man  of  49  years  and  a  native  of  Ireland  was  a  stone 
paver  by  occupation  ;  he  was  admitted  to  the  Presbyterian  Hospital  on 
February  the  6th,  1912,  complaining  of  '"  palpitation  of  the  heart  and 
insomnia." 

Such  family  history  as  could  be  obtained  had  no  bearing  on  his  condition. 

He  had  measles  as  a  child.  From  time  to  time  he  suffered  from  aches 
and  pains  in  the  arms,  legs  and  back,  but  there  is  no  clear  rheumatic  history. 
He  thinks  he  had  a  "  chancre  "  thirty  years  ago  ;  he  was  treated  for  this 
for  two  weeks  only,  but  seems  to  have  had  no  secondary  symptoms.  He 
had  two  attacks  of  gonorrhoea  twenty-eight  years  ago.  His  work  has 
always  been  the  heaviest  kind  of  labour.  Until  two  years  ago  he  consumed 
large  amounts  of  alcoholic  beverages  (ten  to  twelve  drinks  a  day  ;  beer  and 
whiskey). 

For  a  year  he  has  been  troubled  with  palpitation  and  dyspnoea  on 
climbing  stairs,  but  has  had  no  pain.  About  six  weeks  ago  he  began  to  be 
awakened  at  night  by  the  loud  beating  of  his  heart,  after  awakening  he  had 
great  difficulty  in  getting  to  sleep  on  account  of  the  palpitation  although  he 
was  very  sleepy  ;  he  would  get  up  and  smoke  and  this  A^ould  make  him 
cough  and  he  became  more  comfortable  than  before.  During  the  last  week 
the  attacks  have  been  coming  on  each  night  and  he  has  slept  very  little. 
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For  tA\o  weeks  he  has  had  a  cough  with  mucous  expectoration.  He  has 
never  suffered  from  oedema  of  the  legs.  For  the  past  t\\  o  months  he  has  had 
a  number  of  "  dizzy  spells  "  especially  when  at  work,  these  have  been  more 
frequent  during  the  past  t^o  weeks.  He  feels  pretty  well  during  the  day 
time  and  able  to  work.     His  bowels  are  regular  ;    the  apj^etite  is  poor. 

Examination  on  admission  showed  a  thick-set  man,  well  nourished  and 
with  no  apparent  dyspnoea  or  cyanosis  ;  the  mucous  membranes  were  of 
good  colour.  The  chest  wall  was  thick,  the  lungs  expanded  poorly,  the 
expiration  was  prolonged  and  a  few  fine  rales  were  heard  at  the  bases.  The 
respiratory  rate  was  24. 

The  heart's  apex  beat  was  not  palpable  ;  there  was  dulness  on  percussion 
in  the  fifth  space  12-5  cm.  to  the  left  of  the  mid-line  ;  no  dulness  could  be 
detected  to  the  right  of  the  sternal  margin.  The  heart  sounds  Avere 
indistinctly  heard,  at  the  base  the  second  pulmonic  was  louder  than  the 
aortic  sound.  During  the  periods  of  slow  rate  a  soft  blowing  sj'stolic  murmur 
could  be  heard  at  the  apex.  The  rhythm  showed  great  irregularity,  there 
would  be  a  few  regular  beats  at  a  rate  of  80  to  90  a  minute,  frec^uently 
interrupted  by  premature  beats  followed  by  pauses,  and  again  interrupted 
by  a  short  period  of  rhythmic  tachycardia  at  a  rate  of  approximately  200  per 
minute.  During  the  slow  rate  most  of  the  heart  beats  could  be  felt  at  the 
wrist  but  during  the  rapid  periods  the  pulse  was  at  times  nearly  imperceptible 
and  could  not  be  counted. 

The  liver  dulness  extended  from  the  fifth  space  to  the  costal  margin  in 
the  right  mid-clavicular  line  ;  the  edge  could  not  be  felt.  There  was  no 
cedema. 

The  urine  averaged  about  1,200  cc.  per  diem  in  quantity  and  showed 
no  abnormality. 

The  blood  was  normal. 

During  the  first  48  hours  of  his  staj'  in  the  hospital  the  tachycardia  was 
present  most  of  the  time,  the  paroxysms  lasting  from  a  few  seconds  to  three 
minutes,  with  intervals  of  slower  rate  lasting  from  a  few  seconds  to  five 
minutes.  This  gave  him  much  precordial  distress  and  he  slept  very  poorly. 
Under  rest,  bromides  and  a  little  digitalis  the  paroxysms  of  tachycardia 
gradually  diminished  in  frequency  and  the  heart  action  fell  to  70  per  minute, 
interrupted  by  frequent  premature  beats  which  for  periods  would  give  the 
pulse  a  bigeminal  or  trigeminal  character.  Even  after  the  tachycardia  had 
disappeared  during  the  day  time,  he  had  occasional  paroxysms  at  night  and 
these  persisted  up  to  the  time  of  his  discharge  on  February  the  20th. 

Since  leaving  the  hospital  he  has  been  seen  a  number  of  times.  In 
spite  of  advice  to  the  contrary,  he  has  been  employed  in  the  heaviest  kind  of 
labour,  hcd  carrying,  &c.,  and  feels  perfectly  well.  At  the  times  he  has  been 
seen  no  tachycardia  has  been  detected  and  he  is  not  conscious  of  palpitation. 
His  pulse  is  usually  about  70  and  perfectly  regular.  When  last  seen  on 
May  the  19th  an  occasional  premature  beat  was  noted. 
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The  electrocardiograms  of  the  slotv  periods. 

The  records  of  the  electrocardiograms  and  the  radial  pulse  (Fig.  1,  2,  3), 
were  taken  during  a  period  of  slow  heart  action  on  a  day  (February  the  13th) 
during  which  only  two  paroxysms  were  observed.  This  was  A\'hat  might  be 
called  his  normal  rhythm.  The  action  is  perfectly  regular  ;  the  rate  is 
57  per  minute. 

The  electrocardiogram  in  all  three  leads  is  extremely  abnormal.  P  is 
present  throughout,  but  is  distorted  in  form,  being  composed  of  a  double 
peak  instead  of  the  normal  single  elevation.  The  auricular  complex  is 
invariably  followed  by  a  ventricular  complex  but  the  P-R  interval  is 
considerably  longer  than  the  normal,  measuring  constantly  0-25  second. 
At  this  time  the  patient  Avas  getting  a  small  amount  of  digitalis  which 
undoubtedly  increased  the  conduction  time  but  records  taken  when  he  was 
not  on  digitalis  or  other  medication  constantly  showed  a  P-R  interval 
exceeding  0-2  second.  This  digitalis  effect  on  suscej)tible  hearts  was  first 
pointed  out  by  Mackenzie ^^  and  has  since  been  verified  by  many  observers. 

The  ventricular  complex  is  also  abnormal.  The  departure  from  the 
normal  complex  consists  mainly  in  a  deformity  of  the  QRS  group  ;  this  is 
broad,  measuring  0-17  second  (for  normal  see  '),  the  summit  is  low  and  is 
made  up  of  several  more  or  less  well  marked  oscillations.  T  is  well  defined  in 
all  leads.  The  ventricular  complex  occuj^ies  about  0-45  second.  Diastole 
lasts  0-33  second. 

It  is  evident  that  the  musculature  is  so  damaged  that  the  passage  of 
impulses  is  interfered  with  in  all  parts  of  the  conducting  system,  some 
muscle  fibres  Avhicli  should  normally  have  terminated  their  activity  before 
other  muscle  fibres  become  active  are  still  under  stimulation.  The  abnormal 
complex  is  probably  to  be  explained  not  altogether  on  the  assumption  that 
the  impulse  takes  an  abnormal  course  through  the  conducting  system,  but 
on  the  ground  that  the  abnormally  long  time  consumed  in  the  passage  of  the 
stimulus  results  in  an  unusual  algebraic  sum  of  the  differences  of  electrical 
potential  at  a  given  moment. 

This  heart  working  at  its  greatest  efficiency  at  a  rate  of  57  consumes  so 
large  a  portion  of  the  cardiac  cycle  for  its  systole  that  there  remains  only 
0-33  second  for  its  diastole,  no  longer  a  diastolic  period  than  one  would 
normally  find  in  a  heart  beating  at  the  rate  of  72  per  minute. 

Study  of  the  paroxysms. 

The  constitution  of  the  paroxysms  is  shown  very  clearly  in  Fig.  4  and  5. 
To  the  right  is  seen  the  regular  slow  rhythm  interrupted  by  a  premature 
beat  of  ventricular  origin  (right  basal  type^-  ^  ^^)  with  complete  compensatory 
pause.  A  comparison  of  the  individual  beats  of  the  paroxysm  with  the 
single  premature  beats  leaves  no  aoubt  that  we  are  here  dealing  with  a 
tachycardia  which  is  composed  of  a  series  of  ventricular  premature  beats 
arising  from  the  same  point  in  the  wall  of  the  heart  as  that  from  which  the 
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single  premature  beats  arose.  The  first  beat  of  the  paroxysm  is  clearly  a 
jjremature  beat  entirely  similar  to  those  of  isolated  occurrence  and  this  is 
followed  by  a  series  of  hke  beats  at  nearly  rhythmic  intervals  at  a  rate  of 
240  per  minute.  The  onset  of  the  paroxysm  was  always  of  the  same  tv^e 
(Fig.  4  and  8).     The  offset  showed  considerable  variation  {Fig.  4.  5  and  8). 

A  close  scrutiny  of  the  isolated  premature  beats  reveals  quite  constantly 
a  notch  in  the  descending  hmb  at  a  point  where  the  deflection  becomes  less 
rapid  (Fig.  4)  which  we  beheve  to  be  the  representative  of  a  reversed  auricular 
activity  due  to  the  passage  of  the  stimulus  from  the  ventricle  to  the  auricle. 
In  many  of  the  records  of  tachycardia  this  wave  is  quite  e\'ident  (Fig.  4  and  8) 
but  occurs  with  every  second  or  third  beat  only.  It  is  probable  that  during 
the  tachycardia  every  other  impulse  from  the  ventricle  to  the  auricle  was 
blocked.  This  interpretation  tinds  support  in  the  work  of  Lewis^°  who  has 
demodfetrated  that  in  ventricular  tachycardias  produced  experimentally  in 
the  dog,  alternate  impulses  of  a  reversed  rhythm  were  blocked  when  the  rate 
reached  220  per  minute. 

A  comparison  of  the  electrocardiogram  and  the  radial  pulse  (Fig.  4  and  8) 
indicates  clearly  the  lack  of  power  of  the  premature  beats,  singly  or  in  series, 
to  maintain  an  adequate  circulation. 

Between  the  paroxysms  the  ventricular  beats  were  often  arranged  for 
considerable  periods  in  groups  of  three,  each  group  consisting  of  two  ordinary 
rhythmic  beats  and  a  premature  contraction  ;  or  there  might  be  couphng, 
the  couphng  consisting  of  an  ordinary  beat  and  a  premature  contraction,  as 
shown  in  Fig.  5. 

Another  feature  of  the  paroxysms  which  is  well  shown  in  a  number 
of  our  records  is  alternation.  Fig.  7  was  taken  during  the  latter  part  of 
a  paroxysm  wliich  had  lasted  for  about  2  minutes  and  on  a  day  when  he  was 
having  man}-  attacks.  The  alternate  complexes  show  considerable  differences 
both  in  amphtude  and  duration.  The  explanation  of  alternation  is  still 
debateable,  but  authorities  for  the  most  part  agree  that  it  is  significant  of  a 
gravely  damaged  ventricular  musculature  and  that  it  is  made  evident  by 
unusual  demands  n^on  such  muscle.^  '^  ^^ 

Intermissicni. 

Fig.  6  presents  a  phenomenon  which  was  occasionally  recorded,  viz.,  the 
dropping  out  of  a  complete  beat  ;  there  is  no  evidence  of  either  aiu-icular 
or  ventricular  activity  during  the  jDause.  This  record  was  taken  when  the 
patient  was  not  under  the  influence  of  digitalis,  and  when  the  rate  of  the 
heart  action  was  83.  On  the  same  day  paroxysms  of  tachycardia  were 
occurring  at  intervals  of  a  few  minutes.  The  pause  is  suggestive  of  a  vagus 
effect.*"^"  12  In  %'iew  of  the  exceptional  irritabihty  of  the  ventricle  in  this  case 
and  on  this  particular  day.  it  is  rather  surprising  that  there  is  no  escape  of 
the  ventricle  during  the  long  pauses. 

On  account  of  the  length  of  this  period  which  lacks  only  about  01 
second  of  the  length  of  two  cycles  of  the  ordinary  rhythm,  one  is  tempted 
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to  suggest  that  we  may  here  be  deahng  with  a  condition  of  sino-auricular 
block,  but  as  we  have  no  direct  evidence  of  sinus  activity  this  exphmation  can 
be  entertained  only  on  theoretical  grounds. 

Two  types  of  premature  contractions  of  the  ventricle. 

As  improvement  became  more  evident  the  heart  beat  presented  periods 
of  a  rhythm  of  still  another  form.  This  is  shown  in  Fig.  8  and  9.  These 
records  were  taken  after  the  patient  had  been  in  the  hospital  some  days 
and  when  the  paroxj'sms  of  tachj^cardia  had  become  quite  infrequent.  As 
will  be  seen,  a  premature  ventricular  contraction  of  a  new  form  appears 
(left  sided  apical  -  ^  '^  ^).  The  presence  of  this  type  indicates  another  point  of 
ventricular  irritabihty  near  the  apex.  For  considerable  periods  the  two 
types  of  premature  contractions  occurred  in  a  rhythmic  series  as  follmvs  : — 

1.  Usual  beat. 

2.  Premature  beat  (apical  type), 

3.  Usual  beat. 

4.  Usual  beat. 

5.  Premature  beat  (basal  type). 

This  series  was  then  repeated  for  a  number  of  cycles.  The  premature  beats 
of  the  apical  type  were  only  met  with  A\hen  mixed  with  the  other  beats  in 
the  stated  order. 

The  diastoUc  pauses  fulluwing  each  of  the  couples  of  the  different  types 
were  of  the  same  lengths.  The  premature  beats  of  the  basal  type  occurred 
nearly  0-1  second  earher  in  relation  to  the  preceding  beat  than  did  the 
premature  beats  of  the  apical  type,  the  former  were  superimposed  on  the 
preceding  T  wave,  while  the  latter  followed  the  termination  of  the  preceding 
T  wave.  This  fact  suggests  that  the  stimulation  of  the  basal  fibres  at  the 
time  of  the  occurrence  of  T  may  have  a  causal  relationship  to  the  premature 
beat  of  the  basal  type. 

General  remarks. 

The  case  of  paroxysmal  tachycardia  presented  offers  evidence  of  a  con- 
siderable degree  of  damage  to  various  portions  of  the  myocardium  : — 

1.  Damaged  auricular  tissue  (abnormal  P  complex,  dropped  beat). 

2,  Damaged  junctional  tissue  (lengthening  of  P-B  interval). 

.3.  Damaged  ventricular  tissue  (abnormal  QBS  complex,  ventricular 
premature  beats  of  two  types,  periods  of  tachycardia,  composed 
of  ventricular  premature  beats,  alternation). 
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The  ventricular  tachycardia  shows  a  remarkable  parallel  to  the 
conditions  produced  in  a  dog  by  Lewis^"  when  he  tied  the  descending  branch 
of  the  left  coronary  artery  ;  the  series  of  premature  beats  of  ventricular 
origin,  the  auricular  response  to  the  ventricular  pace-maker  and  a  blocking 
of  a  part  of  these  reversed  stimuli,  all  have  their  counterparts  in  the  case 
here  presented. 

It  seems  quite  probable  that  in  this  case  we  are  dealing  with  myocardial 
changes  due  to  coronary  disease  possibly  following  a  syphilitic  infection  and 
the  prolonged  use  of  alcohol. 
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Fig.  1.     Elect rocaitliogram    Lead   I.     Tinxe    0"2    sec-..      Regular,  slow,  rate    57.     Abnormal  P. 
Lengthened  P-R  interval.     Abnormal  QRS  complex. 

Fig.  2.     Electrocardiogram    Lead  IL      Time 0"2 sec.    Regular,   blow,   rate    o7.     Delated  Con- 
duction.    Abnormal  P.     Abnormal  QBS  complex. 

Fig.  3.     Electrocardiogram    Lead    111.   Time    02 sec.     Regular,  slow,  rate    37.     Abnormal  P. 
Lengthened  P-R  interval.     Abnormal  QRS  complex. 

Fig.  4.     Electrocardiogram  Lead  III.     Time  0'2  sec.     Single    Premature   beat.     Tachycardia 
rate  240.     Reversed  P.     Transitions. 

Fig.  5.     Electrocardiogram    Lead  III.     Tune  02  sec.     Tachycardia  .     Bigeminus.    Transition. 

Fig.  6.     Eiectrocardiograni  Lead  III.     Time  02  sec.     Usual  complexes  of  slow  rate.     Dropped 
beat.     Interval  nearly  equals  time  of  two  ordinary  cj'cles. 

Fig.  7.     Electrocardiogram  Lead  III.     Time  02  sec.     Tachycardia.     Alternation.    Reversed  P. 
Taken  toward  the  termination  of  one  of  the  longer  paroxj-sms. 

Fig,  8.     Electrocardiogram    Lead    III.     Radial.     Time  0"2   sec.     Two   tjpes    of   ventricular 
premature  beats.     Tachycardia.     Transitions. 

Fig.     9.     Electrocardiogram    Lead    III.     Time  02  sec.     Rhytlimic   occurrence  of  two  types 
of  premature  beats  and  ordinary  complexes. 
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OBSERVATIONS  ON  A  CASE  PRESENTING  A  L0NC4  a-c 
INTERVAL,  ASSOCIATED  WITH  SHORT  PAROXYSMS  OF 
TACHYCARDIA    ARISING    IN    THE     JUNCTIONAL     TISSUES. 

By  a.  W.  falconer  and  GEORGE  DEAN. 

{Aberdeen). 

The  following  case  was  admitted  into  the  Aberdeen  Royal  Infirmary  on 
February  the  29th,  1912,  under  Dr.  Edmond,  to  whom  we  are  indebted 
for  the  oi)port unity  to  observe  the  case. 

Past  history  and  habits.  The  patient  was  a  baker  aged  41.  Twenty 
years  before  admission  to  hospital  he  had  an  attack  of  gonorrhoea,  but  there 
was  no  history  of  syphilis.  He  enlisted  during  the  Boer  War,  and  served 
three  years  in  South  Africa,  where  he  contracted  a  severe  attack  of  typhoid 
fever  on  account  of  \\-liich  he  was  invalided  home.  He  recovered  from  this 
and  remained  well  until  a  year  before  admission,  when  he  suffered  from  an 
attack  of  pneumonia  from  which  he  considered  he  never  fully  recovered. 
He  had  been  a  fairly  heavy  drinker.  He  never  suffered  from  acute 
rheumatism. 

Present  affection.  The  patient  never  fully  regained  his  strength  after 
his  attack  of  pneumonia.  Six  months  before  admission  to  hospital  he  began 
to  be  troubled  with  breathlessness,  and  his  feet  became  swollen.  His 
condition  continued  to  get  worse  until  his  admission  to  hospital. 

On  admission  he  was  found  to  be  a  poorly  nourished  man.  There  was 
conspicuous  orthopnoea  and  generalised  oedema.  He  was  much  troubled 
with  cough,  and  expectorated  a  considerable  amount  of  blood-stained 
sputum.  The  apex  beat  of  the  heart  was  situated  in  the  fifth  interspace 
about  1  inch  outside  the  nipple  line.  At  the  aorta  there  was  a  loud  systolic 
and  a  diastolic  murmur.  At  the  apex  there  was  a  systolic  murmur,  an 
early  diastolic  and  a  distinct  crescendo  presystolic  murmur.  At  the 
tricuspid  area  there  was  a  loud  systolic  murmur,  which  had  a  different 
quality  from  the  systolic  murmur  heard  at  the  apex.  The  pulse  was  of  the 
water-hammer  type  and  the  rhythm  varied  from  time  to  time.  The  lungs 
showed  numerous  crepitations  at  both  bases.  The  liver  was  slightly  enlarged, 
the  spleen  was  not  felt.  The  urine  was  small  in  amount  and  contained 
alburr.en.  The  temperature  during  his  stay  in  hosi)ital  was  generally 
sub-normal,  but  on  one  or  two  occasions  it  rose  to  100  degrees  Fahr..     A 


138 


/''  A  L  a  O  y  E  R    1  X  1)    I)  E  A  N 


blood  cultivation  was  not  made.  During  his  stay  in  hospital  he  was  on 
three  occasions  treated  with  digitahs  \\itliout  material  benefit,  and  on  each 
occasion  it  had  to  be  stopped  on  account  of  sickness.  He  died  on  May  the 
12th,  1912. 

The  polygrapJiic  tracings. 

Numerous  polygraphic  tracings  were  taken  throughout  the  patient's 
stay  in  hosj)ital.  The  a-c  interval  was  constantly  increased,  and  on  each  of 
the  three  occasions  on  -which  digitalis  was  administered,  incomplete  heart 


Fig.  1.  Normal  rhythm  with  long  a-c  interval,  many  of  the  a  waves  show  a  tendency  to  a  divasion 
into  two  separate  waves.  This  tendency  is  unaltered  in  a  wa\es  succeeding  the  compensatory 
pauses  of  the  extrasystoles.  Upper  tracing  jugular,  loMer  radial,  time-marker  one-fifth 
of  a  second. 
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Fitr.   2.     Nonnai  rhythm  ;  long  a-c  interval ;   consjiicuous  h  wave  between  a  and  c. 
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Fig.   3.     Incomplete  block  after  digitalis.     Conspicuous  h  wave  following  the  blocked  auricular 
systoles. 

block  occurred  after  about  10  drachms  of  the  drug  had  been  taken.  Frequent 
extrasystoles  were  invariably  present  ;  they  \\ill  be  described  later  in  more 
detail. 

Fig.  1  is  a  tracing  taken  on  March  the  4th,  and  shows  an  a-c  interval 
of  fully  three-tenths  of  a  second  in  length.  Most  of  the  a  A\aves  show  a 
distinct  tendency  to  a  division  into  two  sej^arate  w  aves.  This  differentiation 
into  tA\o  quite  separate  AAaves  was  frequently  present  throughout  long 
strips  of  tracing.  An  example  is  shown  in  Fig.  2,  and  it  raises  the  question 
whether  the  first  presystohc  wave  and  the  apparent  lengthening  of  the  a-c 
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interval  is  not  due  to  the  fusion  of  a  6  wave  ^^'ith  the  first  part  of  the  a  wave. 
That  this  is  not  so  is  shown  by  the  persistence  of  the  double  wave  in  the  same 
position  in  the  cycles  succeeding  the  comijensatory  pauses  of  the  premature 
contractions.  A  similar  double  a  wave  accompanies  the  blocked  auricular 
systoles  during  the  periods  of  incomplete  block  produced  by  digit ahs,  and 
here  again  it  is  evident  from  Fig.  3  that  the  first  of  the  waves  must  be  regarded 
as  the  true  auricular  wave. 

A  similar  curve  showing  the  presence  of  two  clear  presystoKc  waves 
has  been  described  by  Laslett  and  he  points  out  that  a  curve  pubhshed  by 
Cowan^  and  Ritchie  is  probably  of  the  same  nature.  In  Laslett"s^  case  a 
true  b  wave  could  be  excluded,  as  the  relation  of  the  two  peaks  to  each  other 
remained  unchanged  under  very  varying  cardiac  rates.  He  considers  that 
both  waves  are  auricular  in  origin,  and  are  an  expression  of  hypertrophy 
of  the  right  auricle,  but  he  makes  no  further  suggestion  as  to  the  mechanism 
of  the  second  wave.  In  the  present  case,  the  right  auricle  was  distinctly 
dilated  and  not  h\^ertrophied.  Griffith  and  Cohn-  have  also  recorded  a  very 
similar  curve  from  a  case  presenting  a  long  a-c  interval.  Many  of  the  tracings 
showed  a  well  marked  wave  (6^)  occurring  between  the  a  and  c  waves  or 
obscuring  the  beginning  of  the  c  waves.  As  in  the  present  case,  when  an 
auricular  contraction  was  not  followed  by  a  ventricular  systole  in  con- 
sequence of  a  blocking  of  the  stimulus,  this  post-auricular  wave  appeared 
unchanged.  It  is  evident  from  Fig.  3  that  if  the  second  peak  of  the  a  wave 
is  to  be  attributed  to  a  direct  contraction  of  the  auricle,  the  auricle  must  have 
remained  in  systole  for  almost  --t  of  a  second.  Griffith  and  Cohn,  with  whom 
we  agree,  consider  the  second  wave  to  be  essentially  the  same  as  the  diastohc 
wave  of  Gibson  and  Hirschfelder  and  due  to  the  temporary  closure  of  the 
tricusi^id  valves  consequent  on  the  rush  of  blood  into  the  ventricle  following 
the  auricular  systole,  and  probably  accentuated  by  incompetence  of  the 
valve. 

Fig.  4  taken  on  March  the  Uth  after  the  patient  had  had  10  drachms 
of  tincture  of  digitahs,  shows  a  condition  of  incomplete  heart-block  with 
mixed  responses.  Fig.  3  taken  on  the  same  date  also  shows  incomplete 
heart-block.  Three  days  after  the  digitahs  was  stoj^ped  the  heart-block 
disappeared  and  the  heart  reverted  to  the  former  rhythm  with  a  long  a-c 
interval.  An  exactly  similar  condition  appeared  on  the  two  later  occasions 
on  \\hich  digitahs  was  given,  in  each  instance  after  the  administration  of 
10-12  drachms  of  the  tincture. 

On  every  occasion  on  which  the  heart  was  examined  during  the  periods 
when  heart-block  was  absent,  extrasj'stoles  were  numerous.  These  were 
most  frequently  as  single  beats,  but  occasionally  two  or  three  occurred  in 
succession,  and  more  rarely  short  paroxysms  of  five  or  six.  The  pauses 
following  single  extrasystoles  were  always  fully  compensatory  and  throughout 
the  whole  of  the  patient's  stay  in  hospital,  whenever  groups  of  two  or  more 
extrasystoles  occurred  in  succession,  the  post-paroxysmal  pause  in  the 
radial  pulse  was  invariably  almost  exactly  equal  to  the  compensatory  pause 
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of  the  single  premature  contractions.  Owing  to  the  difficulty  of  exactly 
determining  the  commencement  of  the  a  wave  in  the  phlebogram,  both 
during  and  immediately  after  the  premature  contraction,  it  is  impossible  to 
determine  the  exact  length  of  the  pause  in  the  jugular.  Fig.  1  and  2  show 
the  occurrence  of  single  premature  contractions  with  fully  compensatory 
pauses.  The  a  and  c  waves  occur  simultaneously  and  so  far  as  one  can 
measure  the  a  wave  is  not  premature.  Taken  by  themselves  these  premature 
contractions  might  be  ventricular  in  origin  or  might  arise  in  the  junctional 
tissues. 

Fig.  6  shows  the  occurrence  of  two  successive  extrasvstoles  and  Fig.  5 
a  short  paroxysm  of  six  beats.  In  both,  the  post-paroxysmal  pause  in  the 
radial  pulse  is  equal  to  the  compensatory  pause  of  the  single  extrasvstoles 
and,  in  both,  there  is  a  disturbance  of  the  auricular  rhythm.  The  venous 
pulse  during  the  paroxysm  is  of  the  ventricular  type  and  the  height  and 
general  character  of  the  waves  strongly  suggest  that  they  are  due  to  a 
simultaneous  contraction  of  the  auricles  and  ventricles.  Such  a  condition 
may  arise  in  one  of  three  ways.  As  a  result  of  an  increase  in  the  a-c  interval 
the  a  wave  may  fall  back  on  the  c  wave  of  the  preceding  cycle  ;  a  similar 
venous  tracing  may  be  produced  by  a  ventricular  tach3"cardia  retrograde  to 
the  auricle,  or  the  condition  may  result  from  a  true  nodal  rhythm.  In  the 
present  ca.se.  the  complete  absence,  at  any  time,  of  single  premature 
contractions  arising  in  the  auricles  and  the  fact  that  the  post-paroxysmal 
pause  in  the  radial  is  exactly  equal  to  the  compensatory  pause  of  the  single 
premature  contractions,  which  manifestly  do  not  arise  in  the  auricle,  is 
sufficient  to  exclude  the  auricular  origin  of  the  short  paroxysms.  Retrograde 
extrasystoles  are  extremely  unlikely  in  the  presence  of  a  long  a-c  interval, 
and  although  there  is  a  shoulder  to  the  descending  limb  of  the  second 
extrasystole  in  Fig.  6  which  might  suggest  a  retrograde  a  wave,  the  interval 
between  it  and  the  succeeding  a  wave  of  the  normal  rhythm  is  less  than  a 
normal  auricular  period.  The  origin  of  the  paroxysms  must  therefore  be 
attributed  to  the  junctional  tissues,  and  as  the  compensatory  pause  in  all  the 
single  and  successive  extrasystoles  is  exactly  equal  it  is  probable  that  all 
the  premature  contractions  in  this  case  arose  from  a  single  focus  in  the 
junctional   tissues. 

Alternation  of  the  pulse  after  a  single  extrasystole  is  shown  in  Fig.  1. 

Autopsy. 

The  spleen  was  much  enlarged  and  showed  numerous  infarcts. 

The  heart  weighed  1!»  oz.. 

The  pericardial  sac  contained  4 J  oz.  of  clear  serous  fluid.  Tlie 
pericardium  was  smooth  and  glistening. 

In  situ  the  greatest  longitudinal  diameter  was  0  inches.  The  greatest 
transverse  diameter  oh  inches.  All  the  cardiac  chambers  were  relaxed  and 
contained  a  moderate  amount  of  blood, 
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Over  the  inter-ventricular  septum  there  was  a  shght  elevation  which 
on  palpation  suggested  the  presence  of  several  distinct  nodules  in  the  heart 
muscle.  On  incision,  however,  no  definite  macroscopical  lesion  could  l)e 
seen  and  after  fixation  with  8  per  cent,  formalin  in  normal  salt  solution, 
these  nodules  could  no  longer  be  differentiated  from  the  rest  of  the 
cardiac  muscle.  The  aortic  valve  measured  -85  inch  in  diameter  and  was 
incompetent  when  filled  with  water.  The  mitral  valve  measured  1-7  inches. 
The  tricuspid  ring  admitted  four  fingers.  After  fixation,  the  left  ventricle 
measured  3|  inches  and  the  thickness  of  the  wall  varied  from  i  to  |  inch. 

All  three  aortic  cusps  had  enormous  pale  yellow  vegetations  attached 
to  them.  Some  of  these  arched  upwards  and  backwards  over  the  concavities 
of  the  sinuses  of  Valsalva,  the  posterior  extremity  of  the  arches  becoming 
adherent  to  the  wall  of  the  aorta.  The  right  posterior  cusp  was  almost 
completely  destroyed.  The  openings  of  the  coronary  arteries  were  patent 
and  normal.  Below  the  aortic  valves,  occupying  almost  the  whole  area  of  the 
membranous  septum  and  extending  for  a  short  distance  on  to  the  base  of  the 
anterior  mitral  cusp  was  an  oval  ulcerated  patch  the  floor  of  which  was  covered 
with  nodular  vegetations.  The  patch  measured  1  inch  by  fg  inch.  Below 
the  ulcerated  area  there  were  a  few  small  vegetations  about  tlie  size  of  a 
millet  seed. 

The  free  margins  of  the  mitral  valve  were  normal,  but  there  were  a  few 
small  vegetations  on  the  choreics  tendinece.  The  rest  of  the  endocardium 
was  slightly  milky  and  opac|ue. 

The  left  auricle  was  slightlj'  dilated  and  its  wall  measured  one-sixteenth 
of  an  inch  in  thickness. 

The  right  ventricle  measured  4J  inches,  the  thickness  of  the  wall  averaged 
a  c^uarter  of  an  inch.  The  tricuspid  orifice  was  dilated,  but  the  cusps  were 
normal.  The  pulmonary  cusps  were  normal.  The  right  auricle  was  dilated 
and  its  wall  distinctly  thin. 

For  microscopic  study  blocks  of  tissue  were  taken  from  the  heart  as 
follows  : — 

1.  The  a-v  junction  containing  the  a-v  node   and  the  ^^■llolo  of  the 

membranous  septum. 

2.  The  region  of  the  sino-auricular  node. 

3.  Several  portions  of  the  inter-ventricular  septum  and  of  the  right 

and  left  ventricles. 


4,  Portions  of  the  right  and  left  auricles. 

5.  Portions  of  the  right  aiid  left  musculi  papillares. 

1.  The  a-v  bundle.  The  usual  block  was  embedded  in  paraffin  and  cut 
in  serial  sections  10  micra  in  thickness,  at  right  angles  to  the  long  axis 
of  the  block.  Every  tenth  section  was  kept  and  stained  w  ith  hnc^matoxylin 
and  eosin. 
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The  ulcerated  patch,  seen  macroscopically  on  the  membranous  septum, 
presented  the  usual  appearances  of  an  ulcerating  endocarditis. 

The  inflammatory  process  in  the  anterior  part  of  the  membranous 
septum  extended  practically  throughout  the  whole  thickness  of  the  septum 
which  was  freely  infiltrated  with  cells.  These  consisted  of  polymorphonuclear 
leucocytes,  lymphocytes  and  plasma  cells.  In  some  of  the  granulations  a 
few  giant  cells  of  the  type  met  with  in  rheumatic  infections,  were  found. 
Fig.  10  is  a  photograph  of  such  a  cell.  In  sections  stained  by  the  Gram- 
Weigert  method,  numerous  cocci,  many  of  which  had  the  diplococcal  form, 
were  seen.  In  the  posterior  part  of  the  membranous  septum  the  inflam- 
matory changes  only  extended  throughout  the  wliole  tliickness  of  the 
septum  in  its  upper  half. 

Tracing  the  a-v  bundle  from  below  upwards,  in  its  course  through  the 
membranous  sef)tum,  it  was  found  to  be  intact  and  free  from  all  abnormal 
cellular  infiltration  at  its  lower  part.  As  it  passed  upwards  it  gradually 
became  more  and  more  infiltrated  wiih.  round  cells  which  were  in  parts 
diffuse,  and  in  parts  arranged  in  dense  foci  in  the  vicinity  of  the  vessels. 
Most  of  these  cells  appeared  to  be  lymphocj^es.  The  vessels  were  dilated 
and  engorged.  Fig.  8  and  9  are  from  this  region.  The  cellular  infiltration 
and  the  dilatation  of  the  vessels  considerably  encroached  upon  and  widely 
separated  the  muscle  fibres  of  the  bundle.  Further  backwards  the 
inflammatory  changes  again  diminished,  and  apart  from  slight  perivascular 
infiltration  the  first  portion  of  the  main  stem  and  the  a-v  node  appeared 
normal. 

2.  The  sino-auricular  node.  The  sino-auricular  node  was  cut  in  serial 
sections.  It  was  well  developed.  Apart  from  an  unusual  prominence  of  the 
smaller  blood  vessels,  and  the  presence  of  very  sHght  cellular  accumulations 
around  one  or  two  of  the  capillaries  in  the  periphery  of  the  node,  it  was 
normal. 

.">.  Portions  of  the  inter-ventricular  septum  and  of  the  right  and  lejl 
ventricles.  Blocks  of  tissue  containing  part  of  the  interventricular  septum, 
and  those  portions  of  the  right  and  left  ventricles  from  the  areas  which 
appeared  indurated  and  nodular  at  the  autopsy,  were  embedded  in  paraffin, 
cut  and  stained  with  hematoxylin  and  eosin.  In  the  pericardium  there  was 
congestion  of  the  vessels  with  slight  perivascular  accumulation  of  small  round 
cells,  consisting  for  the  most  part  of  lymphocytes  and  plasma  cells.  The 
muscle  tissue  of  the  ventricles  showed  conspicuous  engorgement  of  the 
vessels,  and  here  and  there  very  small  perivascular  accumulations  of  cells, 
mostly  lymphocytes,  but  the  changes  on  the  whole  were  very  slight. 
Immediately  below  the  endocardium  in  two  of  the  colamnce  carnece,  there 
were  small  necrotic  areas  about  the  size  of  pins'  heads,  in  whicli  the  muscle 
fibres  had  lost  their  staining  reactions  and  the  nuclei  had  disa^jpeared. 
There  was  no  cellular  infiltration.  The  necrotic  areas  were  sharply 
demarcated  from  the   normal   muscle   and   appeared  to  be  minute  infarcts. 
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Other  regions  of  the  ventricle  showed  vasciihxr  dilatation  and  engorgement, 
and  here  and  there  very  slight  perivascular  cell  accumulation.  Stained  with 
vScharlach  R.,  frozen  sections  showed  a  few  minute  globules  of  fat  round  the 
nuclei  of  the  muscle  fibres. 

4.  Portions  of  the  right  and  left  auricles  showed  similar  changes  to 
those  in  the  ventricles,  but  they  were  less  conspicuous. 

5,  The  musculi  papillares  were  in  a  similar  condition  to  the  rest  of  the 
ventricular  muscle. 

We  are  much  indebted  to  Dr.  Duncan  for  the  micro-photographs. 


Summary. 

A  case  presenting  a  long  a-c  interval,  associated  with  short  paroxysms 
of  tachycardia  originating  in  the  junctional  tissues,  is  reported. 

Post-mortem  an  acute  inflammatorv  lesion  was  discovered  beneath  the 
aortic  A^alves.  It  involved  the  middle  third  of  the  main  stem  of  the  «-?/• 
bundle. 
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OX   SnrCLTAXEOUS    RECORDS    OF    THE    HEART    SOUNDS    AND 

THE    ELECTROCARDIOGRAM. 

By    GEORGE    FAHR. 
{From  the  Physiological   Laboratory  of  the    University  of   Leyden). 

It  is  apparent  that  we  can  obtain  valuable  information  as  to  the  time 
relations  of  the  various  phenomena  of  a  cardiac  cycle  from  simultaneous 
records  of  the  electrocardiogram  and  the  heart  sounds.  In  the  first  place 
it  is  possible  to  determine  the  moment  when  the  heart  sounds  first  appear 
over  the  different  regions  used  in  auscultating,  by  referring  the  beginning 
of  the  heart  sounds  recorded  in  these  regions  to  a  given  point  in  the  electro- 
cardiogram. In  the  second  place  we  can  determine  the  time  relations  of  a 
given  peak  of  the  electrocardiogram  in  the  three  different  leads  by  referring 
it  in  each  lead  to  a  given  point  of  the  j^honocardiogram.  In  making  these 
determinations  we  assume  that  the  various  points  of  the  electrocardiogram 
and  the  phonocardiogram  always  fall  in  exactly  the  same  phase  of  the  heart 
beat.  And  in  the  third  place  we  can  determine  the  relations  between  the 
phases  of  the  heart  beat  and  the  peaks  of  the  electrocardiogram,  if  we  assume 
that  the  phase  of  the  heart  beat  is  known  in  which  the  heart  sounds  begin. 

The  recording  of  the  electrocardiogram  can  only  be  done  successfully 
at  present  with  the  string  galvanometer  according  to  the  method  introduced 
by  Einthoven.  On  the  other  hand  there  are  several  methods  at  present  for 
the  recording  of  the  sounds  of  the  heart.  Reference  may  here  be  made  to  the 
mechano-optical  methods  of  Frank. ^^^ "  Weiss,^"'^  -^Gerhartz,^*  ^  and  Hiirthle,^^ 
and  to  the  electro-optical  method  with  the  string  galvanometer  first  applied 
by  Einthoven. 2  BuU^  has  cleverly  arranged  the  string  galvanometer  and  the 
phonoscope  of  Weiss  so  as  to  record  the  electrocardiogram  and  the  phono- 
cardiogram  above  one  another  on  the  same  photographic  plate.  A  very 
good  way  would  be  to  record  the  excursions  of  two  string  galvanometers 
upon  the  same  plate,  the  one  galvanometer  recording  the  electrocardiogram 
and  the  other  the  heart  sounds. 

As  most  investigators  must  content  themselves  with  the  use  of  one 
string  galvanometer,  the  method  of  recording  the  electrocardiogram  and  the 
heart  sounds  simultaneously  with  one  string  comes  strongly  into  consideration 
because  of  the  ease  in  carrying  it  out.  The  first  results  obtained  ^vith  this 
method  have  been  published  by  Kahn.^^  He  has  mainly  studied  the  time 
relations  between  the  different  phases  of  the  heart  beat  and  the  points  of  the 
electrocardiogram,  under  the  assumptions  that  the  beginning  of  the  first 
heart  sound  coincides  ^^-ith  the  beginning  of  ventricular  contraction,  and  that 
the  second  sound  coincides  with  the  commencement  of  diastole.     As  far 
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as  our  work  lias  repeated  that  of  Kalin,  it  is  in  essential  agreement  with  his 
results.  But  our  j^aper  y\\\\  deal  especially  with  the  time  relations  of  the 
peaks  of  the  electrocardiograms  as  obtained  by  the  various  leads,  and  with 
differences  in  the  time  of  commencement  of  the  first  heart  sound  near  the  apex 
beat  and  in  the  second  intercostal  spaces  on  each  side  of  and  close  to  the  sternum. 

In  order  to  get  an  exact  record  of  sound  waves  with  the  string  galvano- 
meter, it  is  necessary  to  increase  the  tension  of  the  string  until  the  deflection 
time  of  the  string  is  at  least  twice  as  small  as  the  period  of  the  sound  waves 
to  be  recorded.  In  our  work  the  tension  on  the  string  was  such  that  the 
sensitiveness  of  the  galvanometer  was  a  quarter  that  usually  used  in 
electrocardiographic  work.  Under  these  circumstances  the  string  was  quick 
enough  to  record  the  heart  sounds  with  the  desired  accuracy,  and  the  peaks 
of  the  electrocardiogram,  though  reduced  a  c|uarter,  were  still  easily 
recognizable.  The  resistance  of  the  secondary  coil  of  the  transformer  as 
well  as  the  resistance  of  the  body  were  always  in  the  circuit  when  adjusting 
the  sensitiveness  of  the  string,  so  that  1  mm.  along  the  ordinates  represents 
4  X  10"^  volts.  It  is  worthy  of  mention  that  under  these  circumstances  the 
movements  of  the  string  were  still  aperiodic  and  the  deflection  time 
about  0-005  sec. 

The  speed  of  the  photographic  j)late  was  about  100  mm.  per  sec,  so 
that  1  mm,  along  the  abscissse  represents  about  0-01  sec.  The  movement 
of  the  spoked  wheel  is  so  uniform  and  exact  that  the  shadows  represent  0-01 
sec,  with  no  greater  error  than  0-0001  sec.  The  negatives  were  measured 
under  a  microscope  with  the  aid  of  a  mechanical  stage  and  an  ocular  with 
cross  hairs.  With  this  arrangement  we  could  measure  distances  with  005 
mm.  accuracy,  or  the  time  with  an  accuracy  of  0-0005  sec. 

Although  the  measuring  instruments  allowed  of  this  great  accuracy, 
it  was  impossible  to  measure  the  time  between  any  given  j)eak  of  the  electro- 
cardiogram and  the  commencement  of  the  first  heart  sound  with  the  same 
exactness,  because  of  the  impossibility  of  determining  the  commencement 
of  the  sound  as  exactly  in  the  simultaneously  recorded  phono-  and  electro- 
cardiogram. The  commencement  of  the  first  sound  lies  in  either  the  ascending 
or  descending  branch  of  peak  R  and  is  not  sharply  marked.  For  this  reason 
it  is  only  possible  accurately  to  set  the  cross  hairs  of  the  ocular  upon  one  of  the 
sharper  peaks  of  the  heart  sound  curve.  This  makes  it  necessary  to  calculate 
the  distance  from  a  given  peak  of  the  electrocardiogram  to  the  beginning 
of  the  first  heart  sound  from  measurements  made  uj)on  two  plates.  These  two 
plates  are  the  simultaneous  phono-electrocardiogram  and  the  phonocardio- 
gram  alone.  The  distance  from  the  commencement  of  the  heart  sound  to  an 
easily  recognizable  peak  of  this  sound  was  first  determined  in  the  plate 
containing  the  phonocardiogram  alone,  and  then  the  distance  from  the  given 
peak  of  the  electrocardiogram  to  this  easily  recognizable  peak  of  the  heart 
sound  was  measured  in  the  simultaneous  curve.  From  these  two  measure- 
ments the  distance  from  the  commencement  of  the  sound  to  the  peak  of  the 
electrocardiogram  was  calculated. 
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A  record  of  the  electrocardiogram  alone  under  exactly  the  same  conditions 
was  always  made  upon  a  third  plate.  By  means  of  measurements  upon  this 
plate  and  the  first  mentioned  measurements  it  was  possible  to  calculate  the 
distance  from  any  point  of  the  electrocardiogram  to  the  commencement  of  the 
first  sound.  The  sharp  peak  R  of  the  electrocardiogram  was  used  wherever 
possible  for  that  point  of  the  electrocardiogram  from  which  the  measurement 
to  the  easily  recognizable  peak  of  the  heart  sound  was  made,  because  only  this 
peak  of  the  electrocardiogram  can  be  determined  Avith  an  accuracy  of  00005 
or  0001  sec.  The  other  electrocardiograj)hic  peaks  are  not  sharp  enough. 
But  in  many  cases  the  beginning  of  the  first  sound  lies  in  the  anacrotic  limb 
of  R,  and  the  summit  of  R  is  then  uncertain  because  of  the  superposed  sound 
vibrations.  In  such  cases  we  made  use  of  the  commencement  of  the  ven- 
tricular electrocardiogram  for  the  starting  point  of  the  measurement.  This 
point  is  not  so  sharp  as  the  summit  of  R  and  there  is  consequently  no  greater 
accuracy  than  0001  or  0002  sec.  in  these  measurements.  We  repeated  our 
measurements  upon  positives  made  from  the  original  negatives.  In  this 
series  of  determinations  we  measured  the  distances  from  the  commencement 
of  the  ventricular  electrocardiogram  to  an  easily  recognizable  peak  of  the 
first  heart  sound  upon  the  phono-electrocardiogram  and  calculated  the  other 
distances  from  measurements  made  on  the  positives  of  the  corresponding 
electrocardiograms  and  phonocardiograms  alone.  Professor  Einthoven  was 
kind  enough  to  control  these  measurements  and  there  was  never  a  difference 
of  more  than  0001  sec.  between  the  measurements  made  by  him  and  those 
made  by  us. 

Shght  changes  in  the  form  of  the  sound  waves  are  a  source  of  error  which 
it  is  impossible  to  avoid.  From  one  first  sound  to  the  next  following  first 
sound  the  distance  betAveen  any  two  vibrations  of  the  curve  of  the  first  sound 
never  varies  more  than  00005  sec,  but  in  the  course  of  a  few  minutes  this 
distance  often  changes  as  much  as  0001-0002  sec.  There  was  an  interval 
of  about  two  minutes  between  the  recording  of  the  phono-electrocardiogram 
and  the  recording  of  the  phonocardiogram.  Thus  an  error  of  0-001-0002  sec 
in  the  determination  of  the  time  interval  from  a  given  peak  to  the  commence- 
ment of  the  first  sound  is  possible  from  this  source.  No  measurements  were 
made  Avhere  the  change  in  the  form  of  the  sound  wave  could  be  seen  easily 
\Adth  the  naked  eye. 

Another  source  of  uncertainty  in  the  measurements  is  the  variable  form 
and  length  of  the  initial  vibrations  of  the  first  sound.  The  first  sound  begins 
with  one  or  more  vibrations  of  longer  period  than  the  rest  of  the  sound. 
These  first  vibrations  are  also  of  much  smaller  amplitude,  and  the  form  is 
often  quite  variable  in  the  same  person,  often  even  from  one  heart  beat  to 
the  other.  We  shall  return  to  these  vibrations  later.  Suffice  it  to  say  that 
we  used  the  mean  between  measurements  made  on  two  or  more  phono- 
cardiograms  when  determining  the  time  from  the  beginning  of  the  first  heart 
sound  to  an  easily  recognizable  peak  of  this  sound,  because  this  distance 
varies  with  the  variations  in  the  form  of  the  initial  vibrations  of  the  first 
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sound.  It  was  impossible  to  make  use  of  the  second  heart  sound  in 
calculating  the  time  interval  between  a  given  peak  of  the  electrocardiogram 
b}"  different  leads,  despite  the  more  constant  character  of  this  sound,  because 
the  variations  in  the  length  of  systole  sometimes  amount  to  0-005  or  001  sec. 
from  heart  beat  to  heart  beat. 

Despite  these  sources  of  error,  the  agreement  between  the  values  obtained 
from  measurements  upon  a  series  of  phono-electrocardiograms,  taken  from 
the  same  person  during  the  same  sitting,  is  quite  good.  It  was  impossible 
to  measure  more  than  two  or  three  phono-electrocardiograms  on  one 
photographic  plate  and  we  never  took  more  than  two  plates  in  succession  ; 
thus  we  never  had  more  than  six  measurements,  often  only  two  or  three, 
from  which  to  calculate  a  mean  value.  The  number  of  the  measurements 
is  therefore  too  small  for  the  calculation  of  an  exact  value  of  the  probable 
error  according  to  the  method  of  least  scpiares.  We  have  calculated  the 
mean  of  the  diiferences  of  the  individual  measurements  from  the  mean  value 
of  the  measurement  and  in  onlv  two  cases  was  this  value  greater  than 
0003  sec.  In  the  majority  of  cases  the  mean  variation  from  the  mean  value 
was  not  larger  than  0001  sec. 

There  are  two  other  factors  that  must  be  taken  into  account,  namely, 
the  time  taken  in  the  transmission  of  the  sound  from  the  walls  of  the  chest 
to  the  microphone  and  perhaps  the  lag  of  the  current  in  the  apparatus  for 
transmission.  We  obtained  a  correction  figure  for  both  of  these  factors 
together  by  determining  the  latent  time  between  the  making  of  an  electrical 
contact  and  the  beginning  of  the  curve  of  the  sound  produced  by  the  making 
of  the  contact.  A  falling  hammer  actuated  by  an  electro-magnet  made 
contact  with  a  metallic  contact  piece  placed  close  to  the  stethoscope  opening. 
The  contact  closed  the  circuit  of  a  signal^  whose  latent  time  is  00001  sec. 
At  the  moment  of  making  contact  a  sound  was  produced  by  the  metalhc  pieces 
and  this  sound  was  carried  to  the  microphone  and  recorded  under  precisely 
the  same  circumstances  as  the  heart  sounds.  The  latent  time  thus  determined 
was  00025  sec.  All  the  values  in  our  tables  have  been  corrected  for  this. 
As  the  velocity  of  sound  in  tubes  of  the  diameter  (2  cm.)  used  in  our  work 
will  only  be  about  0-2  per  cent,  less  than  in  the  open  air^^  we  can  take  a 
velocity  of  330  metres  for  the  velocity  of  sound  in  the  rubber  tubing  leading 
from  the  stethoscope  to  the  microphone.  The  length  of  the  rubber  tubing 
was  72  cm.,  and  the  time  necessary  for  the  transmission  of  the  sound  from 
the  stethoscope  to  the  microiihone  was  00022  sec,  so  that  we  can  calculate 
a  lag  of  the  current  of  0-0003  sec,  an  altogether  negligible  Cjuantity. 

We  only  made  use  of  the  second  heart  sound  when  determining  the 
interval  between  the  end  of  peak  T  and  the  commencement  of  the  second 
sound.  It  Avas  impossible  to  get  a  good  measurement  of  this  interval 
directly,  because  the  curve  of  the  phono-electrocardiogram  shows  shght 
waves  along  the  descending  branch  of  T.  These  waves,  due  to  an  unsteadi- 
ness in  the  phonocardiogram  during  the  period  folloAA  ing  the  first  sound  and 
preceding  the  second  sound,  make  it  impossible  to  determine  exactly  where 
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the  peak  T  ends.  For  this  reason  we  found  it  better  in  the  majority  of 
cases  to  determine  the  value  of  the  interval  from  the  end  of  T  to  the  beginning: 
of  the  second  sound  from  measurements  on  three  different  curves,  namely 
electrocardiogram,  j)honocardiogram,  and  phono-electrocardiogram.  The 
interval  from  the  summit  of  T  to  the  end  of  T  was  measured  on  the  electro- 
cardiogram, the  interval  from  the  commencement  of  the  second  sound  to  an 
easily  recognizable  peak  of  the  second  sound  curve  was  measured  on  the 
phonocardiogram,  and  finally  the  interval  from  the  summit  of  T  to  the 
easily  recognizable  peak  of  the  second  heart  sound  curve  was  measured  on 
the  phono-electrocardiogram.  From  these  measurements  the  time  interval 
from  the  end  of  T  to  the  commencement  of  the  second  sound  was  calculated. 
The  duration  of  systole  as  measured  from  the  beginning  of  the  first  sound  to 
the  beginning  of  the  second  sound  can  vary  001  sec,  though  Ave  find  that  in 
most  cases  it  does  not  vary  more  than  0-002-0-003  sec.  For  this  reason  we 
did  not  use  the  second  sound  for  any  other  calculations,  and  in  using  it  to 
find  the  time  interval  from  the  end  of  T  to  the  beginning  of  the  second  sound 
we  are  conscious  of  the  fact  that  the  values  so  obtained  may  have  no  greater 
accuracy  than  about  0-01  sec.  At  the  same  time  we  beheve  that  our 
values  give  the  direction  and  the  order  of  magnitude  of  the  interval  from  the 
end  of  T  to  the  commencement  of  the  second  sound  very  a\  ell.  We  have  the 
more  reason  to  beheve  this  because  we  have  some  records  of  phono- 
electrocardiograms  in  Mhicli  it  is  possible  to  determine  the  interval  directly 
from  one  curve,  because  the  string  was  perfectly  C[uiet  along  the  descencUng 
branch  of  T  ;  and  the  directly  determined  values  agree  with  the  indirectly 
determined  values  for  the  same  individual. 

We  fixed  the  stethoscojie  upon  the  thorax  at  a  point  1-2  cm.  inside  the 
mamillary  line,  when  taking  the  heart  sounds  over  the  apex.  The  apex  beat 
in  all  the  individuals  investigated  by  us  was  hardly  perceptible  in  the  supine 
position  used  ;  and,  as  the  tube  leading  from  stethoscope  to  microphone 
had  an  opening  in  it,  there  is  little  probability  that  the  apex  beat  caused 
a  deformation  of  the  heart  sound  curves. -"^^^  The  heart  sounds  over  the 
aortic  and  pulmonary  valves  were  taken  in  the  second  intercostal  spaces 
to  right  and  left  of  the  sternum,  respectively.  In  general  we  first  recorded 
the  electrocardiogram  with  a  sensitiveness  of  four  millivolts  equal  to  one 
centimetre,  and  then,  after  an  interval  of  two  minutes,  which  was  necessary 
for  changing  the  photograi^hic  plate,  the  phono-electrocardiogram  would  be 
recorded,  and  after  another  two  minutes  the  phonocardiogram.  Then 
followed  another  phono-electrocardiogram.  These  four  plates  taken  with 
lead  /  would  then  be  followed  by  the  recording  of  four  similar  plates  with 
leads  //  and  ///,  respectively. 

In  order  to  make  these  records  of  electrocardiogram,  phonocardiogram, 
and  phono-electrocardiogram  quickly  and  easily,  we  made  use  of  the 
connections  shown  schematically  in  Fig.  1.  The  non-polarisable  electrodes 
E,  the  transformer  SP,  and  the  microphone  M  were  set  up  in  a  room  which  was 
kept  as  ciuiet  as ijossible  because  all  accidental  sounds  influence  the  microphone. 
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Fig.   1. 


The  wires  from  the  electrodes  E,  from  the  secondary  coil  8,  from  the 
primary  P,  and  from  the  microphone  M  were  carried  in  cables  from  this  room 
into  the  galvanometer  room  where  the  rest  of  the  arrangement  was  set  up. 
The  accumulator  A'  furnished  the  current  for  the  circuit  of  the  microphone 
and  the  primary  coil.  The  intensity  of  this  current  was  regulated  by  means 
of  the  sliding  resistance  Ru,  while  the  opening  and  closing  of  the  circuit  was 
made  with  the  aid  of  the  key  P^^.  In  taking  the  phono-electrocardiogram 
the  body  and  the  secondary  coil  of  the  transformer  are  in  the  circuit  of  the 
galvanometer,  and  it  is  necessary  that  an  equivalent  resistance  be  substituted 
for  that  which  may  not  be  in  the  galvanometer  circuit  when  recording  the 
phonocardiogram  or  the  electrocardiogram  alone,  if  the  conditions  are  to 
remain  the  same.  By  means  of  the  switch  Pj  we  could  substitute  the 
equivalent  resistance  Rg  for  the  secondary  coil  when  taking  the  electro- 
cardiogram alone.  And  in  the  same  way  the  switch  Pg  provided  a  means  of 
substituting  the  equivalent  resistance  R^  for  the  body  when  taking  the 
j^honocardiogram  alone.  The  resistance  of  the  body  for  each  lead  was 
always  determined  first  and  then  R^  was  made  equal  to  this  resistance. 
The  wires  leading  from  the  switches  P^  and  P^  to  the  switch  Pj  carried  the 
current  from  E  or  S  or  from  both  together,  as  the  case  might  be,  through  the 
switch  Pj  into  the  arrangement  ordinarily  used  in  the  Leyden  laboratory 
for  recording  the  electrocardiogram.  We  have  also  included  this  latter 
arrangement  in  the  schema. 
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Before  proceeding  to  the  results  of  our  measurements  we  wish  to  describe 
a  pecuharity  of  the  first  sound  which  will  later  be  noticed  as  an  explanation 
of  the  differences  in  the  values  found  for  different  persons,  as  well  as  for  the 
explanation  of  the  differences  found  in  the  values  of  the  time  intervals  for 
the  same  person  on  different  days.  For  the  construction  of  the  tables  we 
have  only  used  the  results  of  experiments  made  as  fast  as  possible  one  after 
the  other  on  the  same  day,  because  otherwise  changes  in  the  form  of  the 
sound  waves  would  cause  errors  in  the  calculations.  We  sometimes  found 
consjjicuous  changes  in  the  form  of  the  sounds  taken  on  different  days.  As 
an  example  of  this  we  refer  to  the  heart  sounds  of  de  W.  Fig.  2  taken  on 
June  the  6th,  1910,  and  Fig.  3  taken  on  July  the  8th,  1910.     Both  records 
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Fig. 


2.  Phonocardiogram  of  de  W..  June  the  6th.  Stethoscope  in  fifth  interco.stal  space, 
1  era.  inside  mam.  Une.  ab  are  the  initial  vibrations  which  are  liere  so  small  that  they 
would  not  be  recognized  if  the  string  was  not  perfectly  t^uiet  during  diastole.  In  this  as  in 
all  the  figs,  excepting  11  and  12,  I  sc.  div.  Absc.  =  001  sec,  and  1  sc.  div.  Ordin.  =  4  X  10"* 
volts. 


Fig.  .3.     Phono-electrocardiogram  of  dc  \V..     Lead  //.     Taken  immediately  after  Fig   2. 


were  made  under  the  same  conditions,  as  far  as  we  could  control  them,  the 
stethoscope  being  fixed  in  both  cases  upon  the  thorax  in  the  fifth  intercostal 
space  1  cm.  inside  the  mamillary  line.  The  part  ab  of  Fig.  4  consists  of 
vibrations  whose  period  is  longer  and  \\hose  amf)litude  is  smaller  than  the 
vibrations  of  the  part  he.  We  shall  hereafter  call  the  part  ah  the  initial 
vibrations  and  the  part  he  the  main  vibrations.  The  part  ah  corresponds 
to  the  "  \'orton  "  of  German  authors.  If  we  examine  Fig.  2  we  see  that  it 
also  has  the  initial  vibrations  but  they  are  here  so  small  that  tbey  can  only 
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be  made  out  upon  close  inspection,  whereas  the  initial  vibrations  of  Fig.  4 
are  very  prominent.  If  we  had  used  a  httle  less  current  in  the  microphone 
circuit  while  recording  Fig.  2,  the  two  initial  vibrations  would  have  been  too 
small  to  recognize.  Or  if  the  string  had  not  been  perfectly  still  during  the 
period  following  the  end  of  the  second  sound  and  preceding  the  first  sound, 
then  the  two  initial  vibrations  of  Fig.  2  would  not  have  been  distinguishable 
from  the  accidental  vibrations.  It  is  not  often  that  one  gets  records  of  heart 
sounds  so  free  from  accidental  vibrations  as  Fig.  2,  and  in  many  cases  initial 
vibrations  must  be  present  where  they  are  not  to  be  distinguished  because  of 
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Fis.  4.     Phoiiocaivliograni  of  de  W..     July  the  8tli.     Stethoscope  in  fiftli  intercostal  space  1  cm. 
inside  mam.  line,     ah  are  the  initial  vibrations  here  especially  well  developed. 


Fig.   5.     Phono-electrocardiogram  corresponding  to  Fig.   4.     Taken  immediately  after  Fig.   4. 
Lead  //. 

the  accidental  vibrations.  It  appears  to  us  that  this  uncertainty  in  making 
out  the  initial  vibrations  of  the  first  heart  sound  is  the  cause  of  the  variations 
in  the  values  for  the  time  interval  from  the  summit  of  R  to  the  commencement 
of  the  first  sound  in  the  same  individual  on  different  days.  As  another 
example  of  this  we  refer  to  the  apex  sounds  of  Fa.  (Fig.  9)  recorded  on  June 
the  7th,  1910,  where  relatively  large  initial  vibrations  {ah)  are  to  be  seen.  A 
calculation  from  measurements  made  in  this  curve  and  in  Fig.  10,  taken 
shortly  after  Fig.  9,  shows  that  the  apex  sound  appears  0-017  sec.  before  the 
summit  of  R  ;  whereas  a  calculation  from  records  of  the  same  person,  taken 
under  the  same  circumstances  on  July  the  11th,  1910,  gives  the  first  sound 
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as  coming  0-025  sec.  after  the  summit  of  R.  In  this  latter  case,  the  records 
of  which  we  shall  not  publish  here,  no  initial  vibrations  could  be  made  out 
with  certainty,  because  the  string  was  not  free  from  small  vibrations  during 
the  period  following  the  second  sound.  In  many  cases  where  the  initial 
vibrations  are  to  be  seen  in  the  records  of  the  sounds  taken  over  the  apex, 
they  are  also  to  be  made  out  in  the  records  of  the  sounds  taken  over  the 
aortic  and  pulmonary  valves  ;  but  in  general  the  initial  vibrations  cannot 
be  made  out  in  the  sounds  recorded  from  the  region  of  the  arterial  valves, 
because  it  is  necessary  to  use  a  stronger  current  in  the  microphone  circuit  in 
recording  these  sounds  and  the  height  of  the  accidental  vibrations  is  increased 
%\ith  the  increase  in  current.  If  we  could  use  stronger  currents  in  the 
microphone  circuit,  without  increasing  the  accidental  vibrations,  not  only 
would  it  be  possible  to  show  the  initial  vibrations  of  the  first  apex  sound  with 
certainty,  but  they  would  undoubtedly  always  be  found  over  the  aortic  and 
pulmonary  valves  too.  As  the  differences  in  the  values  of  the  time  interval, 
from  the  summit  of  R  to  the  commencement  of  the  first  sound,  in  the  same 
person  and  on  different  days,  are  at  least  as  large  as  those  between  different 
persons,  we  wish  to  ascribe  this  difference  at  least  partly  to  the  presence  or 
absence  of  the  initial  vibrations  in  the  curve  of  the  first  heart  sound. 
Before  we  leave  this  subject  for  the  present  we  wish  to  refer  to  the 
one  published  record  of  BulP  where  the  initial  vibrations  are  to  be 
seen    also. 

At  present  we  cannot  give  an  explanation  of  these  initial  vibrations, 
which  is  founded  upon  experiments  ;  but  we  consider  the  explanation  of 
Iliirthle^^  and  Weiss, -^  that  the  initial  vibrations  ("  \'orton  ")  represent 
the  sound  of  the  contracting  auricle,  as  untenable.  We  are  in  possession 
of  over  fifty  phono-electrocardiograms,  in  which  the  sounds  were  taken  from 
the  region  of  the  apex  and  which  were  recorded  from  seven  persons  at  different 
times.  With  the  exception  of  the  case  of  de  W.,  on  one  day,  the  commence- 
ment of  the  initial  vibrations  in  all  these  records  lies  in  the  ascending  branch 
of  R,  and  the  initial  vibrations  are  continuous  w  ith  the  rest  of  the  first  sound 
without  pause.  The  auricular  peak  P  of  the  electrocardiogram  begins  about 
0- 12-0- 18,  sometimes  nearly  0-2  sec,  before  the  commencement  of  the  ven- 
tricular electrocardiogram,  and  has  a  duration  of  about  007-0-08  sec.  ;  so 
that  a  pause  of  about  OOo-Ol  sec.  intervenes  between  the  auricular  and  the 
ventricular  electrocardiogram.  From  this  fact  we  conclude  that  an  auricular 
sound  would  begin  about  0- 12-0- 18  sec.  before  the  ventricular  sound.  In  all 
our  cases,  excepting  the  one  of  de  W.,  on  July  the  8tli,  the  initial  vibrations 
began  much  later,  namely,  only  about  002-0-04:  sec.  before  the  main 
vibrations.  Another  argument  against  the  acceptance  of  the  initial  vibrations 
as  the  sound  of  the  contracting  auricle  is  found  in  the  results  of  experiments 
upon  the  intraventricular  pressure.  In  the  classical  researches  of  Marey 
and  Chauveau^^  we  see  the  same  interval  of  time  between  the  beginning 
of  the  auricular  and  the  beginning  of  ventricular  contraction  as  in  the 
electrocardiogram. 
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It  appears  more  probable  to  us  that  the  initial  vibrations  of  the  first 
sound  are  connected  with  the  activity  of  the  ventricles,  and  especially  with 
the  contraction  of  the  ventricles  during  the  period  of  tension  before  the 
opening  of  the  semilunar  valves.  According  to  this  conception  they  would 
correspond  in  time  with  the  "  Vorschwingungen  "  described  by  Frank'  in 
the  pulse  of  the  aorta,  and  interpreted  by  him  as  the  expression  of  the  rise 
in  pressure  in  the  ventricle  during  the  period  of  tension  and  before  the  opening 
of  the  semilunar  valves.  In  a  woman  investigated  by  Tigerstedt^^  the 
period  of  tension  was  0-05  sec.  We  find  the  duration  of  the  initial  vibrations 
to  be  0-02-0-04  sec,  with  the  exception  of  the  case  of  de  W.  where  the  duration 
of  the  initial  vibrations  was  0-09-0-10  sec.  on  the  one  day.  Einthoven  and 
Geluk^  have  published  a  case  where  the  sound  over  the  apex  precedes  the 
first  sound  over  the  arterial  valves  by  0-06  sec.  The  initial  vibrations  in 
the  one  published  record  of  BulP  come  about  OO0-OO6  sec  before  the  main 
vibrations. 


Fig.  U.  Heari  sounds  of  de  W..  July  the  8tli.  Recorded  in  second  intercostal  space  left  of 
sternum,  immediately  after  Fig.  7.  By  careful  inspection  two  \va\es  can  be  made  out  which 
corresjiond  to  the  two  deeper  waves  of  the  initial  vibrations  of  Fig.  4  in  all  probability. 


Fig.  7.  Phono-electrocardiogram  of  cle  W.,  corresponding  to  Fig.  G.  Lead  //.  Taken 
immediately  before  Fig.  0.  The  two  small  \ibrations  of  Fig.  (i  are  here  also  to  be  made  out. 
They  come  before  the  beginning  of  R  just  at  the  point  where  the  corresponding  deeper  waves 
of  the  initial  vibrations  of  Fig.  4  are  seen  coming  before  R  in  Fig.  5. 


The  initial  vibrations  are  relatively  much  larger  in  the  sounds  taken  over 
the  apex  than  in  the  sounds  recorded  over  the  aortic  and  pulmonary  valves, 
and  this  suggests  that  the  differences  in  time  of  commencement  of  the  first 
sound  over  the  ajDcx  and  over  the  arterial  valves  is  to  be  exjjlained  by  the 
apparent  absence  of  the  initial  vibrations  over  the  second  intercostal  space. 
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Einthoven  and  Geluk  proved  that  the  first  sound  over  the  apex  begins  with 
the  period  of  tension  in  the  ventricle,  whereas  the  first  sound  over  the  aorta 
and  pulmonary  artery  begins  with  the  opening  of  the  semilunar  valves. 
According  to  them  the  beginning  of  the  first  sound  over  the  arterial  valves 
could  be  used  to  mark  the  moment  when  these  valves  open.  It  seems  very 
probable  to  us  that  the  initial  vibrations  are  caused  by  transverse  vibrations 
in  the  walls  of  the  ventricles  during  the  period  of  tension  in  the  muscle  fibres, 
and  the  main  vibrations  are  caused  by  the  addition  to  these  vibrations  of 
vibrations  set  up  in  the  atrio-ventricular  valves  and  in  the  walls  of  the 
aorta  and  pulmonic  artery  at  the  moment  at  which  the  semilunar  valves  open 
and  the  sudden  increase  in  pressure  in  these  vessels  results. 

It  must  be  admitted  that  there  is  no  conclusive  evidence  for  this  idea 
and  we  wish  to  point  out  that  if  the  observation  of  Hering^*^  is  confirmed, 
that  the  papillary  muscles  contract  001-0-03  sec.  before  the  ventricular 
walls,  then  jaerhaps  the  initial  vibrations  could  be  explained  as  the  result  of 
transverse  vibrations  of  the  atrio-ventricular  valves  caused  by  the  contrac- 
tion of  the  papillary  muscles.  Only  in  the  case  of  de  W.  on  the  one  day  is 
there  some  justification  for  the  assumption  that  the  initial  vibrations,  or 
"  Vorton,"  are  due  to  auricular  contraction.  In  the  case  of  de  W.  the  initial 
vibrations  begin  at  the  apex  0-03-0-04  sec.  before  the  ventricular  electro- 
cardiogram. But  the  interval  between  the  beginning  of  the  initial  and  the 
beginning  of  the  main  vibrations  is  still  shorter  here  than  in  those  jjathological 
cases  where  there  is  an  audible  auricular  sound,  as  for  instance  in  mitral 
stenosis.  We  refer  the  reader  to  Fig.  8  of  Einthoven's  paper  upon  the 
recording  of  the  heart  sounds  with  the  string  galvanometer.  ^  This  phono- 
cardiogram,  taken  over  the  apex  of  a  patient  with  mitral  stenosis,  shows  a 
presystolic  murmur  coming  about  0-2  sec.  before  the  first  sound. 

For  the  sake  of  clearness  and  simplicity  in  the  presentation  of  our 
results  we  have  constructed  four  tables.  Table  1  presents  the  results  of 
measurements  made  upon  the  phono-electrocardiogram  ;  the  phonocardio- 
gram,  and  the  electrocardiogram  by  lead  /.  The  sounds  were  recorded 
over  the  apex.  The  initials  of  the  persons  investigated  and  the  numbers 
of  the  plates  used  for  the  measurements  are  contained  in  the  first  vertical 
column.  In  the  second  vertical  column  we  find  the  time  interval  from  the 
beginning  of  the  ventricular  electrocardiogram  to  the  commencement  of 
the  first  sound.  The  initial  vibrations  are  taken  as  the  commencement 
of  the  first  sound  in  all  cases  where  they  are  to  be  made  out  with  certainty. 
The  time  interval  from  the  summit  of  R  to  the  commencement  of  the  first 
sound  stands  in  the  third  vertical  column.  A  minus  sign  before  this  value 
means  that  the  first  sound  begins  before  the  summit  of  R  is  reached.  In  the 
fourth  column  we  find  the  time  interval  from  the  end  of  T  to  the  commence- 
ment of  the  second  heart  sound.  Table  2  contains  the  same  results  as  table  1, 
except  that  the  results  were  obtained  with  lead  //.  Table  3  corresponds 
to  tables  1  and  2,  the  lead  being  here  ///.  The  numbers  in  any  horizontal 
row  were  obtained  from  negatives  taken  one  after  the  other  as  fast  as  possible. 


158 


GEORGE    FAiin. 


The  values  in  corresj)onding  horizontal  rows  of  the  three  tables  were  obtained 
from  measurements  made  on  negatives  taken  from  the  same  person,  on  the 
same  day,  the  four  plates  used  in  getting  the  values  for  table  3  being  taken 
as  fast  as  possible  after  the  four  plates  used  for  calcukxting  the  corresponding 
cokimn  of  table  2,  and  these  four  plates  having  been  taken  as  fast  as  possible 
after  the  four  plates  used  for  table  1. 


Fig.  8.  Aortic  sounds  of  de  W..  July  the  8tli.  Here  the  string  is  not  free  from  accidental 
vibrations  during  diastole  so  that  it  is  not  possible  to  make  out  the  initial  vibrations  with 
surety,  though  they  seem  to  be  here  also. 


The  fourth  table  presents  the  results  of  the  investigation  of  the  time 
of  commencement  of  the  first  sound  over  the  apex,  in  the  second  intercostal 
space  to  the  right,  and  in  the  second  intercostal  space  to  the  left  of  the  sternum. 
In  this  table  the  first  vertical  column  gives  the  initial  of  the  person  and  the 
numbers  of  the  plates  used.  The  second  vertical  column  contains  the  time 
interval  from  the  summit  of  R  to  the  commencement  of  the  first  sound  over 
the  apex,  the  third  vertical  column  contains  the  time  interval  from  the 
summit  of  R  to  the  first  sound  in  the  second  intercostal  space  to  the  right, 
and  the  fourth  column  contains  the  interval  from  the  summit  of  R  to  the 
commencement  of  the  first  sound  in  the  second  intercostal  space  to  the  left 
of  the  sternum.  The  fifth  vertical  column  contains  the  time  from  the 
commencement  of  the  first  sound  over  the  apex  to  the  commencement  of 
the  first  sound  over  the  aortic  valve,  and  the  sixth  column  shows  how 
much  later  the  first  sound  begins  in  the  second  left  intercostal  space  than 
over  the  apex.  The  negatives  from  a\  hich  the  calculations  for  any  horizontal 
column  of  this  table  were  made  were  also  taken  as  fast  as  possible  one  after 
the  other. 

If  we  direct  our  attention  to  the  second  vertical  column  of  the  three 
first  tables  we  see  that  there  are  individual  differences  of  as  much  as  0-03  sec. 
for  the  interval  from  the  beginning  of  the  electrocardiogram  by  a  given  lead 
and  the  commencement  of  the  first  heart  sound  at  the  aj)ex.  Thus  a  sound 
of  sufficient  intensity  to  be  recorded  is  present  over  the  apex  of  de  W.  only 
001  sec.  after  the  beginning  of  the  A^entricular  electrocardiogram  by  lead  /  ; 
whereas  with  Br.  the  first  sound  over  the  apex  is  not  recorded  until  0-04  sec. 
after  the  beginning  of  the  action  current  in  the  ventricle  by  this  same  lead. 
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Table  T. 

Time  relations  between  electrocardiogram  and  first  apex 

SOUND  BY  Lead  /. 


Initials  of  person  and 

numbers  of  plates 

used. 

Time  interval  from 
beginning  of  electro- 
cardiogram   to 
beginning  of  first  sound. 

Summit  of    R  to 
beginning    of    first 
sound. 

End   of   Peak    T  to 

beginning  of  .second 

sound. 

BI.     V.  440, 
V.  450,  V.  449 

0-020  ±  0001 

—0-0055  ±  0-001 

0-0275  ±  0-0025 

Br.     V.  477. 
V.  478,  V.  470 

0-040  i  0001 

0-008  i  0-001 

0-02  ±  0-003 

Fa.     V.  403 

V.  465,     V.  460 

0030  ±  0-002 

0-014  ±  0-002 

0-02  ±  0-005 

Oil.     V.  528, 
V.  529,  V.  530 

0-028  ±  0002 

—0-002  ±  0-002 

0-027  ±  0-005 

de  W.     V.  454, 
V.  4.J8,  V.  451). 

0-0085  ±  0-003 

—00115  ±  0-003 

0-020  i  0-003 

Table  II. 

Time  rel.a.tions  between  electrocardiogram  and  first  apex 

SOUND  BY    Lead  //. 


Initials  of  jierson  and 

numbers  of  plates 

used. 

Time  interval  from 
beginning  of  electro- 
cardiogram   to 
beginningof  fir.=t  sound. 

Summit  of   R  to 
beginning    of    first 
sound. 

End   of    T  to 

beginning  of  second 

sound. 

Bl.     V.  444, 
V.  445,  V.  446, 
V.  448 

0-038  ±  0-001 

-0-0105  i  0-001 

0-034  i  0-005 

Br.     V.  480, 
V.  482,  V.  483 

0-028  ±  0-002 

—0-012  ±  0-002 

O-OII  ±  0-005 

Fa.     V.  403,  V.  464, 
V. 469,  V.  470 

0-040  ±  0-002 

0-003  ±  0-002 

0-008  ±  0-005 

On.     V.  523, 
V.  524,  V.  441 

0-028  ±  0-00 1 

—0-011  ±  0-001 

0-03  ±  0-005 

de  W.     V.  453, 
V.  454,  V.  455, 
V.  456 

0-020  ±  0-003 

—0-015  ±  0-003 

0-001  ±  0-003 
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Table  III. 

Time  relations  between  electrocardiogram  and  first  apex 

SOUND   BY  Lead  ///. 


Initials  of  person  anil 

numbers  of  plates 

iise.I. 

Time  interval  from 
beginning  of  electro- 
cardiogram   to 
beginning  of  first  sound. 

Summit  of   R  to 
beginning    of    first 
sound. 

End   of  Peak    T   to 

lieginning  of  second 

sound. 

Bl.     V.  440, 
V.  4.51,  V.  452 

0-040  ±  o-om 

—0-0105  ±  0-005 

0-04G  ±  0-005 

Br.     V.  484, 
V.  485,  V.  481 

0-043  i  0-001 

—0-001  ±  0-001 

0-005  ±  0-02 

Fa.     V.  467, 
V.  468,  V.  463 

0042  ±  0002 

0-004  ±  0002 

0-004  ±  0-005 

Ou.     V.  526, 
V.  527,  V.  525 

0-026  ±  0-001 

—0-010  -  0-001 

0-024  ±  0005 

de  W.     V.  460. 
V.  461.  V.  462. 
V.  454 

0-017  lb  O-onn 

—0-012  ±  0003 

0008  i  0-005 

If,  on  the  other  hand,  we  wish  to  get  an  idea  of  the  length  of  the  interval 
between  the  beginning  of  the  action  current  in  the  ventricle  and  the  first 
heart  sound,  we  must  take  the  largest  value  in  anj'  one  of  the  three  leads, 
because  the  beginning  of  the  electrocardiogram  does  not  fall  in  exactly  the 
same  j^hase  of  the  heart  beat  by  each  lead.  Thus  we  see  the  first  heart  sound 
of  Bl.  beginning  0-02  sec.  after  the  beginning  of  the  action  current  by  lead  /, 
and  0-04  sec.  after  the  action  current  by  lead  //.  This  means  that  the  first 
heart  sound  of  Bl.  appears  0-04  sec.  after  the  earliest  record  of  the  beginning 
of  the  action  current  of  the  ventricle  which  we  are  able  to  get.  The  first 
heart  sounds  of  Bl.,  Br.,  and  Fa.  come  0-04  sec.  after  the  first  indication  of  the 
action  current  of  the  ventricle  ;  the  first  sound  of  Ou.  comes  0-03  sec,  and 
the  first  heart  sound  of  de  W.  comes  002  sec.  after  the  first  indication  of  the 
action  current  of  the  ventricle.  We  are  not  in  a  position  to  say  Avith  certainty 
Mhy  there  is  this  large  dift'erence  between  the  values  for  the  first  three 
individuals  and  this  value  for  de  W.  Certainly  one  of  the  causes  is  the  lack 
of  intensity  of  the  initial  vibrations  in  the  first  heart  sounds  of  the  three  first 
individuals.  For  example,  de  W.  has  clear  initial  vibrations  in  the  first  apex 
sound  of  the  records  used  for  the  determination  of  the  time  interval  for  his 
case.  These  initial  vibrations  come  0-02  sec.  before  the  main  vibrations. 
On  the  other  hand  out  of  nine  first  apex  sounds  of  Br.  only  four  show  initial 
vibrations,  coming  about  0-02  sec.  before  the  final  vibrations.  We  did  not 
make  use  of  the  initial  vibrations  in  determining  the  values  for  Br.  because 
they  were  very  small  and  were  not  present  in  all  the  first  apex  sounds.  If 
we  had  made  use  only  of  those  sounds  which  showed  the  initial  vibrations, 
then  the  first  heart  sound  of  Br.  appears  also  0-02  sec.  after  the  beginning  of 
the  action  current  in  the  ventricle.  Fa.  also  shows  no  initial  vibrations  in  the 
records  taken  for  tables  1.  2  and  3,  but  on  another  day,  when  the  records 
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for  table  4  were  taken,  he  shows  very  clear  and  definite  initial  vibrations, 
as  may  be  seen  by  looking  at  Fig.  9.  On  this  day  the  first  heart  sound  over 
the  apex  begins  002  sec.  after  the  first  indication  of  an  action  current  of  the 
ventricle  by  lead  //.  In  many  of  our  phonocardiograms  it  is  very  possible 
that  we  should  have  discovered  initial  vibrations  if  there  had  been  no 
vibration  of  the  string  during  diastole.  These  accidental  vibrations  though 
slight  in  themselves  are  enough  to  make  the  discovery  of  initial  vibrations 
uncertain.  Before  leaving  this  subject  we  wish  to  refer  to  the  one  published 
record  of  BuU^  where  the  first  heart  sound  comes  about  0-03  sec.  after  the 
beginning  of  the  ventricular  electrocardiogram.*  We  believe  that  we  are 
justified  in  saying  that  the  first  heart  sound  appears  over  the  apex  002-00.3 
sec.  after  the  first  indication  of  the  action  current  of  the  ventricle. 


Fig.  9.     Apex  phonocardiogram  of  Fa.      Stethoscope  in  fifth  inteFcostal  space  in  mamillary  line. 
Fa's  apex  beat  lies  1  cm.  outside  mamillary  line,     ab  are  the  initial  vibrations. 
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Fig.  10.     Phono-electrocardiogram  corresponding  to  Fig.  9.     Lead  //. 

Our  measurements  show  that  the  electrocardiogram  by  different  leads 
begins  in  different  phases  of  the  heart  beat.  Einthoven-  has  shown  that  the 
time  interval  between  the  peaks  differs  in  the  different  leads  and  that  peaks 
with  the  same  name,  but  taken  by  different  leads,  fall  in  slightly  different 
phases  of  the  heart  beat.  He  has  shown  that  though  the  formula  lead  II  - 
lead  /=lead  1 1 1  is  theoretically  correct,  yet  there  is  some  difficulty  in  seeing 
this  directly  in  the  recorded  electrocardiograms  ;  if  we  subtract  the  height 
of  say  peak  RI  from  that  of  peak  RII  we  do  not  always  obtain  the  height 
of  peak  RI  1 1  exactly,  because  these  three  peaks  do  not  all  come  in  precisely 

♦Hull  gives  0'04  sec.  for  the  interval,  whereas  0-03  seems  better  to  us. 
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the  same  phase  of  the  cardiac  cycle.  We  are  now  in  a  position  to  test  the 
formula  with  greater  accuracy,  for  we  can  take  a  given  point  of  the  heart 
sound  as  a  fixed  point  in  the  cardiac  cycle  and  can  subtract  synchronous 
ordinates  of  the  electrocardiogram  of  lead  /  from  the  corresponding  ordinates 
of  lead  77,  and  can  compare  these  values  with  the  values  found  for  the 
synchronous  ordinates  of  lead  777.  We  have  done  this  for  the  electro- 
cardiograms of  four  persons  and  find  good  agreement  between  the  values 
for  the  synchronous  ordinates  of  lead  777  as  calculated  from  leads  7  and  77 
and  the  values  of  the  ordinates  as  measured  directlv  in  the  record  of  lead  777. 


Fig.  11.  Electrocardiogram  of  Bl.  by  leads  /,  //  and  ///.  These  electrocardiograms  were 
constructed  by  measuring  the  heights  of  the  ordinates  of  the  original  electrocardiograms 
and  constructing  therefrom  the  corresponding  ordinates  of  Fig.  2.  Corresponding  ordinates 
of  the  constructed  electrocardiograms  represent  the  same  phase  of  the  heart's  cycle.  Ordin. 
1  sc.  div.    =    1    X    10-^  volts.     Absc.   1  sc.  div.    =   0-01  sec. 


In  Fig.  11  and  12  we  reproduce  the  electrocardiograms  of  two  persons 
which  were  constructed  from  the  original  records  of  these  persons.  The 
records  from  which  these  curves  were  constructed  \\ere  made  with  especial 
care,  so  that  the  values  of  the  ordinates  of  the  records  are  1  mm.  equal  to 
1  X  10-^  volts,  with  no  greater  error  than  2  per  cent.  In  constructing  the 
curves  of  Fig.  11  and  12  it  was  necessary  to  select  electrocardiograms  that 
were  taken  in  exactly  the  same  phase  of  respiration,  as  the  heights  of  the 
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peaks  undergo  conspicuous  changes  during  inspiration  and  expiration  and 
the  changes  in  lead  /  are  opposite  in  direction  to  those  in  lead  II  lA  We 
measured  the  ordinates  corresponding  to  thirty  or  more  points  of  the  abscissae 
in  each  of  the  three  records  and  then  constructed  points  upon  squared  paper 
corresponding  to  the  values  of  the  measured  ordinates  and  the  corresponding 
abscissae  for  each  lead,  in  such  a  Avay  that  points  of  the  three  leads  lying  on 
the  same  vertical  line  of  the  squared  paper  represent  the  height  of  the 
electrocardiogram  of  each  of  these  leads  for  the  same  phase  of  a  cardiac  cycle. 
A  curve  was  drawn  through  each  system  of  points.     In  drawing  these  curves 
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Fig.   12.     CorLstnicted  electrocardiograms  of  Th..      Construction  same  as  for  Fig.  11.     Th.  is  a 
renowned  Dutch  athlete  with  a  little  hypertrophy  of  the  left  ventricle. 


we  constantly  referred  to  the  original  records  in  order  to  represent  the  real 
slope  of  the  electrocardiogram  record  as  exactly  as  possible.  One  scale 
division  of  the  abscissae  of  the  curves  corresponds  to  0-01  sec,  and  one  scale 
division  of  the  ordinates  corresponds  to  1  X  10*  volts,  as  in  the  original 
records.  The  arrows  indicate  the  line  of  zero  potential  or  the  line  of  diastole. 
The  constructed  curves  are  reproduced  nearly  twice  as  large  as  the  original 
records,  in  order  to  show  more  plainly  the  exact  confirmation  of  the  rule 
lead  //  —  lead  /  =  lead  ///.  If  we  remember  that  an  error  of  0-4  mm.  is 
possible  in  the  height  of  a  peak  B  of  20  mm.,  and  furthermore  that  slight 
changes  in  the  position  of  the  zero  line  may  take  place  during  the  recording 
of  an  electrocardiogram,  the  agreement  between  the  values  of  any  ordinate 
of  the  curve  of  lead  ///  with  the  value  calculated  from  the  corresponding 


164  GEORGE    FAHR. 

ordinates  of  lead  II  and  lead  /  is  remarkably  good.  An  error  of  0-003  sec. 
in  the  determination  of  the  time  relations  of  peak  R  in  the  three  different 
leads  would  lead  to  differences  of  2-3  mm.  in  the  values  of  the  ordinates  of  the 
steeper  portions  of  Q  and  R  in  Fig.  11  and  to  differences  of  1-2  mm.  in  the 
heights  of  the  ordinates  of  the  steeper  portions  of  the  QRS  group  of  Fig.  12. 
As  the  agreement  between  the  value  of  the  ordinates  of  the  steeper  parts 
of  the  QRS  group,  as  calculated  for  lead  ///  from  the  constructed  leads  // 
and  /,  and  the  height  of  the  corresponding  ordinate  of  the  constructed 
lead  ///  is  very  much  better  than  2-3  mm.  in  the  case  of  Fig.  11, 
and  very  much  better  than  1-2  mm.  in  the  case  of  Fig.  12,  we  can 
conclude  that  in  these  cases  at  least  our  time  measurements  were  more 
exact  than  0-003  sec. 


Fig.  13.  Aortic  phonocardiogram  of  Fa..  The  initial  vibrations  seem  present  liere  also,  but 
it  is  not  possible  to  determine  this  with  certainty  because  of  the  accidental  vibrations  of  the 
string  in  the  period  between  first  and  second  sounds. 

In  the  third  vertical  column  of  tables  1,  2,  and  3  we  find  the  time 
relation  of  the  first  sound  over  the  apex  to  the  summit  of  R.  Kahn^^*^'  ^* 
found  that  the  first  sound  begins  at  the  end  of  R  or  not  more  than  0-01  sec. 
before  it.  The  fact  that  he  found  the  first  heart  sound  beginning  in  the 
descending  branch  of  R  or  even  at  the  end  of  R,  led  Kahn  to  accept  the 
hypothesis  of  Mcolai,i"*  ^^  according  to  which  the  peak  R  is  an  expression 
of  the  activity  of  the  papillary  muscle  system.  Kahn  only  used  lead  //, 
in  recording  the  phono-electrocardiogram,  and  therefore  only  the  results  in 
the  third  column  of  table  2  may  be  compared  with  those  of  Kahn.  Excepting 
the  case  of  Fa.,  the  first  sound  comes  before  the  top  of  R  in  all  the  phono- 
electrocardiograms  used  in  the  construction  of  table  2  ;  this  is  seen  even 
in  the  phono-electrocardiogram  of  Br.,  where  the  initial  vibrations  were  not 
used  because  they  were  not  always  present,  and  when  present  were  very 
small,  the  first  sound  comes  001  sec.  before  the  summit  of  R.  For  the  one 
exception.  Fa.,  it  may  be  again  stated  that  on  another  day  when  the  initial 
vibrations  were  present,  and  were  well  defined,  the  first  heart  sound  over 
the  apex  begins  0-017  sec.  before  the  summit  of  RII. 

The  reason  why  Kahn  found  the  first  sound  coming  after  the  summit  of 
R  is  to  be  sought  in  the  fact  that  Kahn's  string  was  never  free  from  accidental 
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vibrations  during  the  interval  following  the  second  heart  sound,  and  it  was 
therefore  impossible  to  distinguish  the  small  beginning  vibrations  of  the 
first  heart  sound  from  the  accidental  vibrations  due  to  noises  in  the  room 
or  to  other  causes.  Our  results  as  well  as  the  one  pubhshed  curve  of  Bull 
seem  to  sjjeak  against  the  views  of  Xicolai.  We  must  assume  that  a  short 
time  elapses  between  the  action  current  of  the  heart  muscle  and  the  beginning 
of  a  sound  produced  by  the  contraction  of  that  muscle,  for  some  time  must 
elajDse  before  the  contraction  of  the  muscle  has  advanced  far  enough  to 
produce  an  audible  or  recordable  sound.  We  find  the  first  sound  at  the 
apex  coming  in  almost  all  cases  0-01  sec.  before  the  summit  of  R  in  at  least 
one  of  the  leads,  and  believe  that  B  is  the  expression  of  the  action  current 
corresponding  to  the  muscle  contraction  Avhich  produces  the  first  sound. 
It  seems  hardly  probable  that  either  the  muscle  sound  of  the  papillary  muscle 
itself,  or  the  sound  caused  by  the  tension  on  the  atrio-ventricular  valves  due 
to  the  contraction  of  the  papillary  muscle,  could  have  sufficient  intensity 
to  be  recorded  by  our  ajjparatus. 

In  the  last  vertical  column  of  the  first  three  tables  we  see  that  the 
second  sound  begins  00 10-- 02  sec.  after  the  end  of  T  in  general,  though  in 
some  cases  the  sound  comes  even  closer  after  the  end  of  T.  As  these 
measurements  are  not  more  accurate  than  OOOo-OOl  sec.  we  do  not  wish  to 
draw  any  conclusions  from  them.  It  is  not  at  all  strange  though  that  the 
second  sound  comes  just  at  the  end  of  T  or  even  before  it.  T  represents 
the  relaxation  of  a  large  part  of  the  musculature  of  the  ventricle  and  the 
period  of  falling  pressure  in  the  ventricle.  It  ends  therefore  at  about  the  time 
when  the  semilunar  valves  close  and  the  second  sound  begins.  The  semilunar 
valves  will  close  before  all  the  musculature  is  relaxed  and  the  second  sound 
might  well  come  before  the  end  of  T.  Bull's  single  published  curve  shows  the 
second  sound  beginning  less  than  001  sec.  after  the  end  of  T. 

We  shall  now  consider  the  results  contained  in  the  fourth  table.  In  all 
five  cases  the  first  sound  begins  earlier  over  the  apex  than  over  the  second 
intercostal  spaces.  The  apex  phonocardiograms  of  Bl.,  Fa.,  and  Ou.  show 
initial  vibrations  without  any  doubt  and  in  these  cases  the  first  sound  over 
the  apex  begins  002-004  sec.  before  the  first  sound  over  the  second 
intercostal  spaces  to  right  and  left.  These  sounds  over  the  semilunar  valves 
begin  at  practically  the  same  time,  the  small  differences  found  being  Adthin 
the  error  of  the  measurement.  Kahn  found  similar  differences  between  the 
time  of  commencement  of  the  first  sound  over  the  apex  and  commencement 
of  the  first  sound  over  the  second  intercostal  spaces.  Einthoven  in  the  case 
previously  mentioned  found  a  difference  of  006  sec.  In  the  case  of  de  W. 
Ave  find  a  still  larger  difference,  namelv  0-1  sec.  The  first  sound  of  de  W. 
over  the  second  intercostal  spaces  shows  a  small  but  clearly  defined  peak 
coming  0-06  sec  before  the  rest  of  the  sound.  This  peak  represents  without 
any  doubt  the  deep  peak  of  the  initial  vibrations  of  the  first  apex  sound.* 

*  See  Figs.  4,  b,  8. 
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Table  IV. 
Time  interval  summit  of   R   to  begin  first  sound  over  .a.pex,  over 

AORTIC  valve  and  OVER  PULMONARY  VALVE.   LeAD  //. 


Initial  of 
person    and 
numbers  of 
plates  used. 

Summit    R 

to  beginning  of 

first  sound  at 

apex. 

Summit    R 

to  beginning  of 

first  sound  over 

aorta. 

Summit -ff  to  be- 
ginning of  first 
sound  over  pul- 
monary artery. 

First  apex  soimd 

earlier  than 

first  sound  over 

aortic  valves. 

First  ape.x  sound 
earlier  than  first 
sound  over  pul- 
monary artery. 

Bl.     V.  531, 
V.  532,  V.  533. 

V  534,  V  535, 

V  536,  V  537, 
V.  538 

— 0-0029±0-00] 

0-0233  ±0-001 

UO 14  ±0.002 
0-0 192  ±0-005 

0-0259±000I 
0-015  ±0-002 

0-0262 

0-0280 

Br.     V.  486, 
V.  487,  V.  489, 
V.  490,  V.  491, 
V.  492,  V.  493 

0-0060  ±0-002 

0-008 
00364 

0-0305 

0-009 

Fa.     V.  503, 
V.  504,  V.  505. 
V.  506,  V.  507, 
V.  508,  V.  509. 
V.  510 

— 0-0172:bO-002 

0-0217±0-005 

0-0389 

Ou.     V.  512, 
V.  513, V.  515. 
V.  516,  V.  517. 
V.  518,  V.  519. 
V.  520 

-0-0036  ±0-002 
— 0-0745±0-00] 

0-027±0-002 

0-0228±0-003 

0-0263 

de  W.     V.  555. 
V.  556,  V.  557. 
V.  558,  V.  559. 
V.  560,  V.  561. 
V.  562, V.  563, 
V.  564 

0-021  ±0-001 

0-0281  ±0-001 

0-0955 

0-1026 

Between  this  small  peak  and  the  rest  of  the  first  sound  over  the  semilunar 
valves,  there  is  a  period  in  which  the  string  is  quiet  because  the  sound  over 
the  semilunar  valves,  corresponding  to  the  initial  vibrations  at  the  apex, 
is  too  weak  to  be  recorded  when  the  sounds  over  the  semilunar  valves  are 
recorded.  If  we  had  used  more  current,  j)erhaps  we  should  have  seen  these 
initial  vibrations  in  the  larger  first  sounds  to  be  obtained  thereby  over  the 
semilunar  valves,  but  we  are  not  sure  of  this  because  in  the  first  place  it  is 
impossible  under  the  circumstances  to  get  a  quiet  string  in  the  period  following 
the  second  sound,  and  the  small  initial  vibrations  would  be  masked  by  the 
accidental  vibrations  ;  and  in  the  second  place  because  it  is  possible  that  the 
microphone  membrane  would  not  react  to  so  slight  a  sound.  The  one  peak 
of  the  initial  vibration,  as  seen  in  the  first  sound  of  de  W.  over  the  second 
intercostal  spaces,  has  exactly  the  same  form  as  the  corresponding  vibration 
of  the  first  sound  over  the  apex  ;  and  we  believe  that,  if  the  method  would 
alloAv  of  the  recording  of  A\oaker  sounds,  then  the  initial  vibrations  would  be 
present  in  all  first  heart  sounds  recorded  over  the  second  intercostal  spaces,  and 
that  there  would  not  be  a  large  difference  in  the  time  of  its  commencement 
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over  the  apex  and  over  the  semilunar  valves.  We  have  many  examples 
of  initial  vibrations  which  are  clearly  present  in  the  first  heart  sound  recorded 
over  the  apex  and  which  may  be  found  in  the  first  heart  sound  recorded 
over  the  second  intercostal  spaces  by  careful  inspection  and  comparison  of  the 
two  sets  of  curves.  We  believe  that  we  are  justified  in  saying  that  the  first 
sound  over  the  apex,  as  usually  recorded,  begins  002-004  sec.  before  the 
first  sounds  over  the  semilunar  valves,  but  this  is  due  to  the  fact  that  the  first 
sound  begins  with  one  or  two  vibrations  of  small  amplitude  and  slow  period, 


Fig.    14.     ruhnoiiiL-  phonocardiogram  of  Fa..     Here  no  initial  vibrations  can  be  made  out  because 
of  tlie  unquietness  of  the  string. 


Fig.  15.     Phono-electrocardiogram  corresponding  to  Fig.  12.     Lead  //. 


which  are  only  intense  enough  over  the  apex  to  be  recorded  there  ;  Avhereas 
they  are  so  weak  over  the  second  intercostal  spaces  that  they  are  not  present 
in  the  records  taken  from  over  these  spaces,  or  if  really  present  in  these 
records  are  not  to  be  distinguished  from  the  vibrations  due  to  accidental 
noises  in  the  room  or  to  vibrations  as  a  result  of  the  strong 
current  passed  through  the  microphone.  By  careful  study  of  the  curves 
of  the  first  heart  sound  over  the  semilunar  valves,  where  no  accidental 
vibrations  are  present  or  Avliere  when  present  they  are  so  small  that  there 
is  no  difficulty  in  making  out  the  initial  vibrations,  Ave  can  almost  always 
find  them.     It  is  very  difficult  to  get  curves  of  the  heart  sounds  over  the 
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second  intercostal  spaces  which  are  free  from  accidental  vibrations,  for  we 
must  use  stronger  currents  in  order  to  record  the  sounds  over  these  spaces. 
According  to  our  idea  it  is  only  the  weakening  of  the  initial  vibrations  of  the 
first  heart  sound  in  conduction  to  the  second  intercostal  spaces  which  gives 
rise  to  a  difference  in  the  time  of  appearance  of  the  first  sound  over  the  apex 
and  over  the  second  intercostal  sj^aces.  It  is  not  to  be  wondered  at  that 
Weiss  did  not  find  a  difference  in  the  time  of  commencement  for  the  first 
heart  sound  over  the  apex  and  for  the  first  heart  sound  over  the  second 
intercostal  spaces  because  the  oscillations  recorded  by  him  have  so  small 
an  amplitude  that  the  small  initial  vibrations  could  not  be  seen.  On  the 
other  hand  Bull's  records  show  the  initial  vibrations  very  clearly. 


Resume. 

1.  The  first  heart  sound  begins  with  one  or  more  vibrations  of  longer 
period  and  much  smaller  amplitude.  These  initial  vibrations  are  followed 
by  a  number  of  vibrations  of  shorter  period  and  larger  amphtude.  The 
initial  vibrations  run  continuously  into  these  larger  vibrations.  The  initial 
vibrations  are  not  to  be  seen  in  most  of  the  records  of  heart  sounds  taken 
from  the  second  intercostal  spaces. 

2.  The  first  sound  at  the  apex  begins  002-0-04  sec.  before  the  commence- 
ment of  the  first  sound  o\ev  the  second  intercostal  spaces.  This  is  because 
the  initial  vibrations  are  poorly  transmitted  to  the  region  over  the  great 
vessels  and  therefore  cannot  be  easily  recorded  there. 

3.  The  initial  vibrations  correspond  closely  to  the  period  of  rising 
tension  in  the  ventricle  and  the  following  vibrations  correspond  to  the 
beginning  of  the  emptying  of  the  ventricle  ;  consequently  we  have  a  means 
of  telling  very  closely  when  the  heart  begins  to  contract  and  when  the 
pressure  in  the  ventricles  is  equal  to  that  in  the  large  arteries  and  the  emptying 
begins. 

4.  The  first  sound  over  the  apex  begins  0-01  sec.  before  the  summit  of 
R  is  reached,  when  the  initial  vibrations  are  recorded,  otherwise  after  the 
summit  of  R  and  in  its  catacrotic  limb.  The  QRS  group  is  the  expression 
of  the  contraction  of  the  heart  ^\all. 

5.  The  first  sound  begins  about  002-0-03  sec.  after  the  first  indication 
of  the  action  current  of  the  ventricle. 

6.  The  summits  of  R  in  the  three  leads  fall  in  slightly  different  phases 
of  the  heart  beat. 
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7.  The  rule  that  lead  II  -lead  /=lead  ///  is  proved  experimentally. 

8.  The  heart  sounds  have  not  an  absolutely  constant  form  from  one 
beat  to  another.  The  sound  form,  though  remaining  practically  the  same 
to  superficial  examination,  changes  somewhat,  so  that  the  time  interval 
between  tjvo  easily  recognisable  peaks  of  the  recorded  sound  varies  one  or  two 
thousandths  of  a  second  from  beat  to  beat.  The  relative  intensity  of  the 
peaks  changes  from  beat  to  beat  also. 

The  theme  of  this  paper  was  suggested  to  us  by  Professor  Einthoven 
and  our  thanks  are  due  to  him  for  his  unfailing  kindness  and  help  throughout 
the  work.  We  are  also  very  much  indebted  to  Mr.  A.  de  Waart,  as.sistant 
in  the  laboratory,  for  his  aid  in  carrying  out  the  experimental  part  of  this 
work. 
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OBSERVATIONS  UPON  A  CURIOUS  AND  NOT  UNCOMMON  FORM 

OF    EXTREME    ACCELERATION    OF    THE    AURICLE. 

"  AURICULAR    FLUTTER." 

By  THOMAS  LEWIS.* 

{Cardiographic    Department,    University  College    Hosjntal 

Medica  I  Sch  ool ) . 

Introductory   Bemarks. 

Four  years  ago  Hertz  and  Goodhart^  published  the  notes  of  a  case  in  which 
it  was  evident  that  the  auricles  had  assumed  a  very  rapid  action.  The 
case  was  one  in  which  the  auricles  contracted  at  a  rate  varying  between  216 
and  234  per  minute,  while  the  ventricular  action  was  slow.  Isolated  cases 
of  a  similar  nature  have  since  been  recorded  by  Jolly  and  Ritchie, ^  by  Rihl,^ 
and  by  myself.'  The  condition  has  been  regarded  by  those  interested  in  the 
recent  progress  of  cardiac  investigation  as  a  rare  affection. 

While  patients  in  whom  a  slow  or  irregular  ventricular  action  have  been 
more  and  more  extensively  investigated  by  means  of  grajihic  methods,  the 
necessity  for  a  routine  examination  of  simple  cardiac  accelerations  in  the 
same  manner  has  not  been  recognised. 

It  appears,  as  I  hope  to  show  in  the  present  communication,  that  extreme 
acceleration  of  the  auricular  contractions  to  a  rate  of  300  per  minute  is  not  an 
infrequent  human  malady  ;  and  that  the  combined  picture  of  auricular 
acceleration  and  heart-block  is  relatively  common.  It  will  also  become 
apparent  that  if  the  routine  examination  of  patients  who  present  rapid  heart 
action  by  modern  methods,  and  especially  by  electrocardiographic  means, 
is  not  undertaken,  the  condition  will  often  escape  detection. 

A  series  of  cases  which  has  recently  come  under  the  observation  of  the 
writer  has  clearly  shown,  not  only  that  such  examination  is  imperative  if 
the  true  nature  of  a  given  tachycardia  is  to  be  ascertained,  for  such  cases  may 
readily  pass  for  other  and  more  simple  forms  of  acceleration,  but  that  a 
detailed  acquaintanceship  with  the  forms  which  the  electrocardiographic 
curve  may  take  is  essential.  In  most  instances  there  are  few  or  no  signs  of  the 
extreme  auricular  acceleration,  other  than  those  found  in  the  electro- 
cardiographic pictures  ;  and  in  many  of  these,  the  degree  of  acceleration 
is  by  no  means  obvious  if  such  curves  are  hastily  scanned.  The  reason  for 
the  obscurity  of  the  signs  is  twofold,  for,  in  the  first  instance,  the  auricular 
contraction  rate  is  usuallv  double  the  ventricular,  and  alternate  auricular 
systoles  are  buried  in  the  ventricular  systole  and  pass  unnoticed  ;  and, 
in  the  second  instance,  the  systoles  of  the  auricles  have  little  mechanical 
effect  vipon  the  blood  content  of  either  veins  or  ventricles,  and  the  movements 
of  the  auricular  walls  are  small. 

*  Working  under  the  tenure  of  a  Beit  Memorial  Fellowship. 
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That  acceleration  of  a  regularly  contracting  auricle  to  a  rate  of  300  and 
even  330  per  minute  has  frequently  remained  unsuspected  in  the  past,  may 
seem  remarkable,  but  nothing  is  more  certain  than  that  such  is  the  case  and 
that  the  auricles  may  pursue  this  hurried  movement  so  covertly  that  none 
of  the  older  methods  of  examination  can  discover  it. 

It  is  my  purpose  in  the  present  communication  to  shoAv  that  the  condition 
is  relatively  common  ;  to  point  out  the  signs,  be  they  arterial,  venous  or 
electric  by  which  the  malady,  as  it  commonly  presents  itself  to  our  notice, 
may  be  recognised  ;  and  further,  to  describe  it  as  an  affection  which  must 
stand,  for  clinical  if  not  for  pathological  purposes,  in  a  category  of  its  own. 
The  need  for  isolating  it  in  this  manner  from  other  disturbances  of  heart 
mechanism  is  impressed  by  its  special  relations  to  certain  forms  of  abnormal 
heart  action,  by  the  peculiar  course  which  it  pursues  and  by  the  curious 
manner  in  which  it  reacts  to  remedies. 

For  the  reasons  stated,  it  seems  expedient  that  the  disorder  should 
be  regarded  as  a  distinct  type,  and  that  it  should  be  treated  separately 
even  though  complete  separation  may  not  be  possible  from  new  rhythms 
which,  though  of  auricular  origin,  are  of  lower  grade.  The  readiest  means 
of  isolating  it  in  this  manner  is  to  apply  to  it  a  distinctive  name,  and  there 
seems  none  better  than  that  adopted  by  Jolly  and  Ritchie  in  the  description 
of  their  case,  namely,  "  auricular  flutter  "  ;  for  this  term  aptly  describes 
the  essential  condition,  it  avoids  reference  to  the  varying  grades  of  ventricular 
response  and  clearly  serves  to  distinguish  it  from  the  alhed  disorder, 
"  auricular  fibrillation."  The  distinction  from  tachycardia  of  lower  rate, 
though  also  of  auricular  origin,  is  more  arbitrary,  though  I  think 
essential  at  the  present  time.  The  auricular  rate  may  be  increased  to  any 
figure  intermediate  between  72  and  335  beats  per  minute  ;  but  there  are 
certain  features  which  accelerations  of  over  200  appear  to  hold  in  common  ; 
and  so,  even  if  the  distinction  subsequently  proves  not  to  be  strictly  valid 
on  the  pathological  side,  the  separation  is  not  without  merit  from  the  cUnical 
standpoint. 

In  the  following  pages,  I  propose  to  deal  in  the  first  place  with  my  own 
observations  ;  secondly  to  summarise  former  observations  and  to  revise 
certain  previous  reports  ;  and,  finally,  to  discuss  in  a  general  account  the 
disorder  as  a  clinical  entity. 

Observations. 

CASE  1.  M.,  a  married  woman,  aged  50,  came  under  observation  on 
April  the  19th,  1912. 

Past  history.  There  had  been  six  children;  one  child  died  at  three  months  of  age  of 
"  rheumatic  fever."  The  patient  was  afTected  by  rheumatic  fe\"er  herself  when  this  child  was 
born  ;   she  was  then  23  years  of  age. 

History  of  cardiac  condition.  She  had  sufifered  from  shortness  of  breath  for  eleven  years. 
For  four  months  it  had  been  more  severe,  being  especially  noticeable  after  exertion.  Palpitation 
had  been  present  for  four  months,  and  there  was  also  some  pain  in  the  precordial  region.  Her 
feet  had  never  swollen  ;  there  had  never  been  haemoptysis.  Two  montlis  before  admission, 
while  lifting  a  heavy  saucepan,  she  had  a  feeling  "  as  if  her  heart  was  displaced  "  ;  she  experienced 
great  breathlessness  and  palpitation  at  the  time  and  took  to  bed.  It  was  the  first  attack  of 
its  kind. 
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Condition,  April  the  VMh,  1912.  A  stout  woman,  wlio  showed  a  trace  of  cyanosis. 
Breathlessness  was  ob\ious  wliile  she  lay  flat  in  bed.  There  was  no  dropsy.  The  liver  duluess 
came  an  inch  below  the  costal  margin  ;  tlie  organ  was  readily  felt,  and  there  was  tenderness  to 
pressure  over  it.  The  urine  was  normal.  During  her  stay  she  had  fe\er  for  a  few  days 
(97-101   degrees  Falu-. )  and  the  aiilde  and  wrLst  joints  Ijccame  swollen  and  painful. 

Tlie  limits  of  cardiac  duhiess  la_\-  2  and  5  inches  to  the  right  and  left  of  the  mid-sternal  line. 
A  short  systolic  murmur  was  heard  at  the  apex.  The  heart  sounds  were  othci-\vLse  normal.  At 
the  time  of  observation,  she  was  upon  tliirty  minims  of  the  tincture  of  digitalis  and  she  had  had 
in  all  seven  and  a  hah*  drachms  of  this  drug  or  its  equivalent.  The  ventricular  rate  was  usually 
160,  though  there  were  periods  of  irregular  and  slower  action  from  time  to  time.  The  rate  of  the 
heart  beat  was  not  affected  by  posture.  The  obser\ations  upon  the  heart  mechanism  and  the 
course  of  tli*^  condition  are  suniniari-^ed  in  the  accorapan\"ing  table. 


Date 

Method  of 
examixatiox. 

Vs  Rate. 

As  Rate. 

Drugs. 

Remarks. 

3-4-12 

Pulse    counts 

100-US 
-160 

Tinct. 
Digit. 

Date  of  admission. 

19-4-12 

Electrocardiographic 

loO 

312 

Tinet. 
Di^it. 
m.  XXX 

Chiefly  2:1.    Also  irregu- 
lar   periods    of     2:1 
and  3  :  1. 

20-4-12 

to 
25-4-12 

Pulse    counts. 

120-158 

m.  XXX 

daily   till 
the  2nd 

Usually     regtdar ;      some 
irregular  periods.   Fever 
101°    and     rheumatism 
of  foot.     Xausea. 

2-5-12 

Electrocardiographic 

123-160 

320 

m.  xlv. 

Chiefly  2:1;  also  irregular 
periods  of  2  :  1  and  3  :  1. 

4-5-12 

Electrocardiographic 

81 

324 

m.  Ix 

4  :  1  heart -block  ;  regular. 

0-5-12 

Electrocardiographic 

79 

m.  Ix 
(Total 
dr.  xviiij 

Fibrillation  of  the  auricles. 
Digitalis   stopped. 

9-5-12 

Pulse  counts 

72-96 

None 

Fibrillation  still. 

10-5-12 

Pulse  counts 

88-92 

Xone 

Fibrillation  stiU. 

12  5-12 

Pulse  counts 

82-90 

None 

Pulse   became   regular. 
Probably   returned    to 
normal  rhytlim. 

13-5  12 

Electrocardiographic 

81 

M 

Xone 

Pulse   regular,    normal 
rh\-thm. 

15.5- 12* 

Pulse  coimts 

72-02 

Xone 

Pulse   regular,   normal 
rhythm. 

29-5-12 

Electrocardiographic 

108 

108 

Xone 

Pulse   regiUar,   normal 
rhythm. 

1-0-12 

Electrocardiographic 

91 

91 

Xone 

Pulse   regular,    normal 
rhythm. 

10-0-12 

Pulse  counts 

70- ss 

Xoi-mal  rhjlhni  still.  The  breath- 
lessness has  gom.    nie  liver 
has  recedeil  l>eneath  the  ribs. 
ITiere  is  uo  jwin  or  palpitation. 
She  feels  much  strongrer  an-l 
her  colour  i-  natural. 

10-6-12     Discharged    from    hospital. 


7-8-12 


Electrocardiographic 


80  90 


80  90 


Xone 


Xi)nnalilnllmi.  Eateiise  tolul 
on  staniliiifr  anil  falls  to  8U 
lying.  .Slight  ilropsy  of  ankles 
anil  a  little  shortness  of  breath. 


'  On  the  loth  ot  .Ma\-,  in  the  early  morning,  she  had  a  .flight  stroke  ;  consciousness  was  not 
lost  but  the  left  half  oi  the  face  and  lelt  arm  became  paralysed  and  si'eech  was  impaired.  The 
paresis  cleared  up  entirely  during  the  course  of  the  next  few  da\s. 
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Fig.  19  is  illustrative  of  the  electrocardiograms  taken  during  the  early- 
phases  of  the  patient's  treatment.  The  initial  ventricular  peaks  are  clearly- 
defined  in  all  leads  ;  T  is  seen  in  lead  /  and  slightly  in  lead  //  ;  in  lead  /// 
it  cannot  be  found.  It  is  difficult  to  identify  auricular  representatives  in 
lead  /.  In  lead  //  they  aj)pear  as  upward  deflections  ;  the  P-R  interval 
seems  to  have  a  duration  of  about  -1  sec.  In  lead  ///,  the  shape  of  P  is 
more  complex  ;  its  general  outline  may  be  described  as  convex,*  the  ujistroke 
being  more  abrupt  than  the  downstroke  which  is  broken  by  a  notch.  The 
auricular  curves  are  contiguous  one  with  another,  the  line  is  never  written 
horizontally.  The  auricular  systoles  run  through  the  ventricular  and  are 
tA^dce  as  numerous  as  the  latter.  Both  chambers  beat  with  perfect  regularity, 
the  auricles  at  320  and  the  ventricle  at  160. 

Fig.  20  represents  the  action  of  the  heart  two  days  later  ;  while  under  the 
action  of  digitalis  heart-block  had  increased.  In  this  figure  the  shapes  of  the 
auricular  summits  and  their  relation  to  each  other  and  the  ventricular 
systoles  is  more  clearly  seen.  Both  chambers  still  beat  quite  regularly  but 
the  ventricle  is  now  contracting  but  a  fourth  as  rapidly  as  the  auricle 
(auricular  rate  324,  ventricular  81)  ;  each  fourth  auricular  summit  is  buried 
in  the  opening  phases  of  ventricular  systole.  The  general  form  of  both 
auricular  and  ventricular  electric  curves  has  been  maintained  (see  Fig.  19), 

Fig.  21  was  taken  two  days  later,  when  the  auricles  vvere  fibrillating 
under  the  influence  of  digitalis.  The  ventricular  action  is  slow  (the  rate 
was  79)  but  quite  irregular  ;  the  regular  auricular  summits  have  given  place 
to  smaller  and  irregular  oscillations  which  are  most  clearly  seen  in  lead 
III  [f.f.). 

Fig.  22  shows  the  perfectly  normal  mechanism,  which  became  established 
shortly  after  the  digitalis  was  omitted.  There  is  no  sign  of  rapid  and 
continuous  oscillations  in  the  curves  ;  a  single  auricular  complex  occurs 
before  each  ventricular  systole.  The  heart  is  beating  perfectly  regularly 
and  slowly. 

The  series  of  curves  is  a  very  complete  one.  We  have  the  electro- 
cardiograms from  the  same  heart,  beating  in  three  completely  different 
fashions.  The  auricular  representatives  of  the  normal  period  are  quite 
unlike  those  of  the  period  of  flutter.  In  all,  the  shape  of  the  ventricular 
complexes  is  maintained  in  the  separate  leads,  demonstrating  quite  clearly 
that  in  each  instance  the  ventricular  beats  were  propagated  from  the  auricles. 

Summary.  In  a  woman  of  50  years,  an  attack  of  rapid  heart  action 
was  observed  which  had  a  probable  duration  of  three  months.  The  rate 
of  the  auricular  contractions  surpassed  300  per  minute,  the  highest  count 
being  324  per  minute  ;  the  ventricle  usually  responded  to  alternate  auricular 
contractions.  Under  high  doses  of  digitalis  the  ventricular  rate  fell  to  a 
fourth  of  the  auricular  rate,  the  latter  being  maintained.     Eventually  and 

*  The  reasons  for  this  statement  are  given  under  CASE  3. 


AURICULAR     F  LU  TTE  R.'' 


175 


c 
< 

in 

O 

< 

Eh 
O 

cs 

B        - 


O 

1—1 

o 

K 


o 

i-i 

cu 

o 

D 
!zi 

M 
QQ 

o 

< 

H 
O 


fc. 
C 


> 

C 

c 

< 

c 


1 

c 

1 

^ 

& 

I 

■X 

c  o 

**.■ 

C^ 

r- 

-r 

Lt 

o 

'T 

» 

o 

•^ 

3 

1           X 

," 

—  "^ 

■^ 

rc 

r* 

-^ 

^ 

-T 

re 

-— 

-^ 

*C 

re 

X 

*■ 

z 

— - 

--. 

1      ^ 

1          " 

.^ 

— 

CJ 

— - 

*-* 

Tl 

*l 

> — 

Cl 

*t 

» 

1           *~ 

Ci 

— ' 

:;;;' 

^^ 

^^ 

^ 

- — 

1        ■--' 

ct 

^ 

i^ 

" 

" 

" 

- 

1    CJ 

_^ 

^ 

~r 

V 

ST 

x^ 

?r 

rT 

^ 

x" 

^ 

p^ 

^ 

t^ 

^ 

^ 

ti 

Cl 

— 

— 

' — - 

- — - 

re 

— - 

ii 

ii 

-^ 

— 

C  ] 

3C 

" 

" 

*:; 

■ 

" 

■* 

"^ 

t; 

"  * 

t- 

t^ 

1      r 

1 

. 

. — , 

, — , 

, ^ 

^ ^ 

, ^ 

. , 

.^ ^ 

^-^ 

, ^ 

, ^ 

,_^ 

- — ^ 

3 

^. 

c. 

'^ 

I-- 

* 

— 

» 

t^ 

T 

X 

X 

f>l 

w 

i        12 

I 

* 

— 

1) 

CI 

— 

re 

^ 

re 

"^ — ' 

^ — 

e-j 

C^ 

^—1 

o 

-i^ 

— 

T 

* 

■^ 

•^ 

X 

-r 

:^ 

Cl 

1* 

X 

X 

T 

— 

f^ 

;: 

X 

A 

'» 

X 

'•Z 

X 

"-^ 

*r 

r2 

re 

5-J 

X 

^^ 

o 

1        -^ 

z 

t^ 

^^ 

re 

•^ 

— 

^-' 

— 

--H 

-T 

—^ 

tc 

^^ 

1            Cl 

^ 

1        ■"  • 

X 

" 

CI 

t- 

" 

t^ 

Tl 

- 

r^ 

■= 

■  — 

I        , ^ 

~ 

r- 

^ 

nr 

rT 

*-t 

rT 

^ 

«r^ 

X 

'-  ' 

r- 

15 

x" 

^ 

^ 

CI 

— 

■^ 

re 

— 

Cl 

— ' 

« 

*i 

t= 

CO 

_^ 

~ 

"^"^ 

"■■^ 

^~^ 

^~^ 

"■"^ 

"■"^ 

^"^ 

^"—^ 

^"^ 

I         ._ 

— ■ 

CI 

■C 

£- 

'' 

" 

■M 

O 

' 

Le 

i^ 

i          -r 

~ 

!           — 

'~ 

-^ 

x^ 

c 

CI 

X 

ce 

^ 

^ 

**' 

r? 

n 

'  ^ 

1           T" 

— 

* 

ut 

-r 

— 

c-i 

tc 

^ 

cl 

CI 

-^ 

w 

^ 

■          ^ 

X 

c^» 

o 

> 

— 

c: 

Lt 

I* 

» 

re 

re 

ce 

* 

*e 

* 

1" 

Lt 

^ 

Cl 

'to 
■3 

1 

,— „ 

, — ^ 

_^ 

_^ 

,__^ 

.,,_^ 

,_^ 

, ^ 

^^^ 

^_^ 

__^ 

^„,^ 

1           ■ — . 

^ 

,* 

Ci 

;C 

-T 

^ 

"T 

Le 

X 

■?! 

t- 

^ 

•*• 

t— 

^ 

X 

* 

^" 

?l 

CI 

■^ 

— 

— 

■■ — 

Tt 

Cl 

iC 

cc 

■*— ' 

1           ^ 

1        re 

i^ 

t 

CI 

Cl 

re 

l; 

'T- 

^5 

i   i 
1   •• 

'3 

~Z 

-^ 

~ 

^ 

I' 

X 

re 

c. 

» 

— 

— 

Cl 

t- 

»5 

1   ii 

_ 

fi 

~" 

■     ' 

^ 

Cl 

" — ■ 

' 

— 

Cl 

T" 

M 

I           ?!_ 

" 

CI 

■ri 

CI 

CI 

?  J 

i-e 

Cl 

Le 

" 

?? 

0 

- 

_,_^ 

^^ 

^_^ 

^^__^ 

^.^ 

z 

rn 

-^ 

./: 

o 

c^ 

ST 

^ 

CI" 

^ 

^ 

r^ 

x^ 

cr 

M 

z 

A 

CI 

— ■ 

r^ 

WM 

•".^ 

^v 

-._-- 

■M 

ei 

HK 

« 

.J, 

■^ 

^ 

'^r 

-^^ 

.s_. 

^,  ,^ 

^_ 

' '. 

^^  _^ 

C^l 

— ■ 

^ 

CI 

ce 

X 

I 

♦ 

^_^ 

u 

^  , 

t-- 

rt 

» 

re 

te 

nr 

t- 

J* 

ilT 

^ 

rT 

t;^ 

^ 

Cl 

— 

— 



> ■ 

r ". 

*_'. 

,,___^ 

.^ 

<M 

u 

^ 

Cl 

' 

C-5 

^ 

"— 

u 

o 

>-. 

o 

,^ 

^ 

-C 

-^. 

mm' 

< 

^ 

i 

" 

I 

5 

r 

E 

"E 

X 

lr 

> 

£ 

-^ 

^ 

? 

>. 

^ 

c 

>. 

St 

^ 

> 

^ 

< 

In 

[^ 

S 

< 

i 

•^ 

"^ 

< 

© 
a; 

c 

Z 

2) 

o 

176 


THOMAS    LEWIS. 


under  the  influence  of  the  drug,  the  auricles  fibrillated  ;  the  digitahs  was  then 
withdrawn  and  in  a  few  days  the  normal  rhythm  was  restored  and  was 
maintained  so  long  as  the  patient  was  under  observation.  Her  symptoms 
were  considerably  relieved. 


CASE  2.     E.    G.,    a   clergyman,    aged 
observation  on  the  2nd  of  February,  1912. 


65,    came     under     continuous 


Past  illnesses.  He  suffered  from  scarlet  fever  at  o  and  13  years  of  age  ;  on  tlie  second 
occasion  tlie  fever  was  followed  by  osteomyelitis  of  the  left  tibia  and  he  was  in  bed  for  six  months. 
At  1.3  he  had  congestion  of  the  lungs  ;  and  at  52  pleurit-y.  For  three  years  he  had  been  afflicted 
with  a  prostatic  enlargement  and  had  used  a  catlieter  tlirice  daily  for  three  months. 

History  ofJicart  condition.  For  thirty  years  he  had  been  the  subject  of  attacks  of  tachycardia. 
The  first  attack,  at  the  age  of  35,  lasted  several  hours  and  laid  him  up  ;  his  doctor  told  him  his 
heart  was  normal  except  for  its  excessive  rate.  Six  years  later,  he  had  his  second  attack,  and  was 
attended  for  it  by  Dr.  Bengafield,  of  Edmonton,  who  writes  to  me  "  I  quite  well  remember  him 
as  being  subject  to  severe  attacks  of  tachycardia,  which  I  could  not  account  for.  The  pulse  rate 
would  go  up  to  fully  140  or  150."  From  the  age  of  41  he  had  attacks  each  six  months  or  each 
year  which  lasted  from  four  to  twenty  hours.  The  attacks  were  accompanied  Ijy  shortness  of 
breath,  a  sense  of  precordial  oppression  and  a  feeling  as  if  a  pendulum  wei"e  swinging  fast  in  the 
chest.  There  were  no  anginal  sjTnptoms.  The  longest  attacks  exhausted  hini  \ev\  much,  but 
the  shorter  ones  left  him  perfectly  fit  a  tew  minutes  after  their  cessation.  He  almost  always 
continued  his  work  if  they  came  on  while  he  was  occupied.  He  often  suffered  from  flatulenc-e 
during  the  paroxysms.  At  the  age  of  50  he  had  a  great  deal  of  trouble  in  his  parish  and  was  much 
upset  by  it.  The  attacks  became  more  frequent,  commencing  each  week  or  each  day.  For  the 
preceding  ten  years  he  had  kept  a  complete  diary  of  the  attacks.  From  January,  1902,  until 
November,  1912,  there  were  489  attacks  at  least.  The  average  duration  was  about  six  hours,  the 
shortest  attack  lasted  a  few  minutes  and  the  longest  ten  days.  The  distribution  of  the  attacks 
over  the  ten  years  is  seen  m  the  table  of  monthly  inciclence  on  the  last  page.  There  is 
surprising  uniformity  in  the  distribution  of  the  paroxysms  o\er  this  period,  and  the  totals  for 
the  several  months  show  no  seasonal  incidence.  A  chart  (page  ITS)  of  the  frequency  of 
onset  during  the  several  hours  of  the  day  and  night  shows  the  greatest  frequency  in  the  early- 
hours  of  the  morning,  early  afternoon  and  late  evening.  He  attributed  many  of  the  attacks  to 
excitement  and  stated  that  the  evening  attacks  often  followed  his  Sunday's  sermon.  He 
believed  that  meals  had  no  relation  to  the  attacks.  The  tachycardia  became  continuous  in 
December,   1912,  and  was  maintained  until  May,  1912. 

Condition,  6th  of  ^laj,  I9I2.  A  frail  and  treiiiuious  subject.  The  remaining  teeth  were 
carious.  There  was  enlargement  of  the  prostate  and  infection  of  the  bladder.  The  heart  limits 
were  normal,  the  ventricular  rate  was  regular  at  130,  the  sounds  were  nonual.  The  ann  arteries 
were  soft ;  the  pulse  tension  was  not  increased.  Radiographic  examination  showed  dilatation 
of  the  aorta.     Tlie  auricular  movements  could  not  be  seen. 

The  heart  was  examined  polygraphieally  and  electrocardiographically  on  a  number  of 
occasions.     The  general  result  and  course  may  be  stated  in  tabular  fashion. 


Date. 

Method  of 
evamixatiox. 

Vs  Rate. 

As  Rate. 

Drugs. 

Remarks. 

29-2-12 

Electrocardiographic 

138 

276 

2  :  1   block. 

26-3-12 

Electrocardiographic 

90 -f 

289 

3  :  1   block  chiefly. 
Ventricle  a  little  irregular  ; 
2  :  1  periods  present. 

2-4-12 

Electrocardiographic 

138 

276 

2  :  1  block. 

2-5-12 

Electrocardiographic 

133 

266 

■2  :  1   block. 

3t<'7-5-12 

Pulse  counts 

9(3-140 

8-5-12 

Polygraphic 

94 

Tinct. 
Digit, 
m.  XXX 

Probably    2  :  1    and    3  :  1 
mixed. 

.4  U  R  1  C  U  L  AR     F  LU  TT  E  R.  '* 
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Date. 

Method  of 
Examination. 

Ys  Rate. 

As  Rate. 

Deugs. 

Remaeks. 

9-5-12 

Pulse  counts 

108-112 

1 

Tinct.  Digit 
m.  XXX 

I0-5-I2 

Pulse  counts 

100-120 

m.  XXX 

11-5-12 

Polygraphic 

92 

?  276 

ni.  XXXV 

Probably  3  :  1   block 

12-5-12 

Electrocardiographic 

-137 

274 

m.  xlv 

2  :  1     block.        Occasional 
3  :  1  and  4  :  1  periods  in 
other  curves. 

13-5-12 

Pulse  counts 

76-108 

m.  1* 

14-5-12 

Pulse  counts 

70-92 

m.  Ixv 

15-5-12 

Pulse  counts 

76-96 

m.  Ixxv 

\  Probably  4:1. 

16-5-12 

Pulse  counts 

72-96 

m.  c 

/  Pulse  regular. 

17-5-12 

Electrocardiographic 

58 

m.  1 

Fibrillation  of  the  auricles. 

152 

?  150 

Digit, 
stopped. 
(Total  dr. 
viii,  m.  V.) 

Regular   tachycardia. 
Vomiting. 

18-5-12 

Pulse  counts 

48-64 

None 

Auricular  fibrillation. 

19-5-12 

Pulse  counts 

62-68 

None 

Auricular  fibrillation. 

20-5-12 

Polygraphic 

64 

64 

None 

Normal  rhythm.  Occasion- 
al premature  beats. 

21-5-12 

Electrocardiographic 

92 

92 

None 

Normal  rhj-thm. 

22-5-12 

Polygraphic 

54-66 

54-66 

None 

Normal  rhythm. 

23-5-12 

Passed  from  observation.     The  general  condition  is  much  improved.    His  breathing 
is  fairly  easy  and  he  feels  in  better  health. 

31-5-12 

Patient  writes  that  his  pulse  continues  to  be  normal. 

6-6-12 

Electrocardiographic 

102 

102 

Normal  rhythm.  Has  had 
a  few  short  attacks. 
Condition  of  patient 
greatly  improved. 

27-6-12 

Electrocardiographic 

84 

84 

The  patient  states  he  has 
had  one  or  two  short 
attacks  of  a  few  minutes 
and  one  long  one  since 
he  was  last  seen.  His 
condition  shows  steady 
improvement. 

♦Pressure  upon  the  right  or  left  vagus  while  this  patient  was  under  digitalis,  produced 
additional  slowing  of  the  ventricle. 

Fig.  23  is  one  of  the  earliest  electrocardiograms  taken  from  this  patient. 
The  auricular  rate  is  289  per  minute.  The  P  summits  in  lead  /  are  not  seen. 
In  leads  II  and  ///  they  form,  together,  continuous  wavy  hnes,  the 
individual  Avaves  of  A\hich  are  placed  regularly.  It  is  not  certain  where 
each  auricular  representative  starts  or  finishes,  though  it  is  probable, 
from    a     consideration    of    similar    curves    in    other    cases,    that    each    is 
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convex  and  starts  with  the  upstroke.  The  ventricular  action  is  not  quite 
regular  and  the  beats  have  not  always  the  same  relation  to  the  auricular 
representatives  with  which  they  fall  ;  for  the  most  the  curve  shows  3  :  1 
heart-block  and  probably  consists  as  a  \\  hole  of  3  :  1  and  2  :  1  periods.  T 
is  seen  to  some  extent  in  lead  /  only. 

Fig.  24  was  taken  on  the  12th  of  May  while  the  patient  was  beginning 
to  be  influenced  by  digitalis.  The  auricular  curves  are  similar  to 
those  of  the  preceding  figure  (rate  274),  but  the  ventricular  curves  are 
relatively  more  numerous.  The  curve  shows  2  :  1  heart-block  for  the  most 
part  ;  there  are  occasional  periods  of  3  :  1  and  4  :  1  block.  Five  days  later 
the  heart  action  became  grossly  irregular  in  response  to  fuller  doses  of  the 
drug.     Curves  of  this  day  are  shown  in  Fig.  25  and  26. 

Fig.  25  shows  a  slow 
and  completely  irregular 
ventricular  action  (rate 
58).  The  auricular  waves 
are  no  longer  present.  T 
is  clearly  seen  in  all  leads, 
and  following  the  Q,  R 
and  S  group  in  leads  // 
and  ///,  there  are  extra 
deflections  from  time  to 
time,  which  are  not  under- 
stood. These  curves  in 
all  probabihty  represent 
auricular  fibrillation,  the 
oscillations  being  too  small 
to  record.  From  time  to  time  during  the  examination,  the  heart's  action 
became  rapid  and  perfectly  regular  at  152  per  minute.  The  electrocardio- 
grams are  shown  in  Fig.  26.  The  tyjje  of  the  ventricular  complexes  is  still 
maintained,  though  in  leads  //  and  ///  the  curious  deflections  following 
the  Q,  R  and  8  group  are  constantly  present.  Xo  trace  of  auricular 
summits  can  be  found  ;  the  exact  meaning  of  this  mechanism  is  unknown, 
but  it  probably  results  from  simultaneous  contraction  in  auricle  and 
ventricle.  A  few  days  later,  after  the  digitalis  had  been  omitted,  the  normal 
mechanism  became  restored ;  it  is  illustrated  by  Fig.  27.  Here  each  regular  ven- 
tricular contraction  is  preceded  by  a  single  auricular  contraction  of  normal  type. 
This  series  of  curves  is  a  very  complete  one.  Four  perfectly  distinct 
mechanisms  may  be  comj^ared  in  electrocardiograms  from  the  same  patient. 
The  auricular  representatives  of  the  normal  period  are  unlike  those  of  the 
period  of  flutter.  The  ventricular  complexes  maintain  their  general  form 
throughout  the  opening  phases  in  all  ;  for  the  impulses  in  all  are  generated 
above  the  ventricle. 

Summary.     A   man   of   65  years  had   been  the  subject   of  attacks  of 
tachycardia  for  30  years  (rate  140-150).     Eventually  the  condition  of  rapid 
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A  Chart  showing  the  tunes  of  onset  of  42S  attacks.     Compiled 
from  a  diary  kept  for  ten  years.     (CASE  2,  p.  176). 
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heart  action  became  established  ;  it  lasted  for  a  period  of  five  months  ; 
during  this  time  the  auricles  were  beating  at  a  rate  of  approximately  280 
per  minute,  while  the  ventricles  responded  as  a  rule  to  alternate  auricular 
impulses.  Under  large  doses  of  digit ahs,  and  after  a  prehminary  period  in 
which  higher  grades  of  heart-block  were  seen,  the  auricles  passed  into 
fibrillation  ;  the  drug  being  withdrawn  the  normal  rhythm  was  restored 
and  was  maintained  so  long  as  the  patient  was  under  observation.*  While 
the  auricular  flutter  was  present,  the  rate  of  contractions  was  uninfluenced 
by  posture,  and  by  digitahs  administration.  As  a  result  of  treatment  his 
general  condition  improved  very  considerably. 

CASE  3.     E.  B.,  a  clergyman,  aged  53,  came  under  continuous  observa- 
tion on  May  the  14th,  1912. 

Past  illnesses.  He  suffered  from  the  usual  children's  ailments.  At  the  age  of  41  he  had 
diphtheria  and  it  was  followed  by  palatal  paralysis  and  weakness  of  the  Imibs  and  eye  muscles. 
Apart  from  these  illnesses  and  liis  heart  condition,  he  had  always  been  a  healthy  man ;  hard 
worked  and  athletic,   he  had  led  a  strenuous  liie. 

HUtory  of  heart  condition.  His  attacks  of  palpitation  started  at  the  age  of  16  when  he  was 
at  scliool.  the  first  attack  came  on  after  a  hard  game  of  football.  For  several  yeai-s  he  had 
two  or  three  attacks  following  exertion ;  they  always  started  abruptly  without  warning  and 
ended  with  equal  suddemiess.  The  attacks  became  more  frequent  when  he  was  20,  occurring 
four  or  fixe  times  a  year ;  excitement  and  exposure  to  cold  induced  them  ;  they  usually  lasted 
twenty  muiutes,  the  longest  attack  was  of  about  two  hours  duration.  The  heart  action  was 
very  rapid.  Following  ujjon  tiie  diphtheiia  they  became  more  frequent  and  more  severe, 
exliausting  hun  and  mterfering  with  his  work.     He'had  to  change  his  parish,  seeking  lighter  work. 

Three  yeai-s  before  he  came  vmder  obscr\  ation  an  attack  came  on  after  a  long  cycle  ride,  and 
it  continued  until  he  sought  advice.  During  this  period  his  pulse  rate  lay  continuously  between 
140  and  100  ;  he  had  been  examined  on  nmuerous  occasions  and  was  under  medical  supervision 
for  long  periods  ;  his  chief  s\^uptoms  were  dishicliuation  to  exert  himself  and  easy  fatigue. 
These  sensfitions  and  consciousness  of  the  heart's  action  alone  disturbed  him. 

Condition  on  May  the  14th,  1912.  A  sturdy  and  robust  man  of  good  colour,  he  was  a  little 
tremulous.  He  showed  anxiety,  but  this  was  apparently  the  result  of  his  inability  to  follow  his 
occui)ation  rathei  than  fear  for  his  condition.  The  right  and  left  limits  of  cardiac  dulness  lay 
0  and  4  inches  to  the  right  and  left  of  the  mid-sternal  line  respectively.  The  heart  sounds  were 
natural,  and  there  were" no  muriuurs.  The  arteries  presented  no  signs  of  thickeiiing,  the  blood 
pressiu-e  was  normal ;  the  urine  was  normal.    The  heart's  action  was  regular  but  continuously-  rapid. 

He  was  seen  on  two  occasions  prior  to  coming'under  continuous  observation  and  on  both 
the  heart's  mechanism  was  similar.     A  synopsis  of  observations  is  given  in  the  accompanying  table. 


Date. 

Method  of 
Examination. 

Vs  Rate. 

As  Rate. 

DBt7GS. 

Remakks. 

10-1-12 

Electrocardiographic 

1U2 

324 

None 

2 : 1  heart-block.  Auricular 
rate  constant  after 
exertion  and  after 
exercise. 

3-0-12 

Electrocai-diographic 

15t) 

312 

None 

2  :  1  heart-block.  Am-icular 
rate  constant  after 
exertion  and  after 
exercise. 

14-0-12 

Pohgraphic 

135-147 

294 

None 

2  :  1  with  occasional  3  :  1 
and     4  :  1     periods. 
(Patient  has  been  under 
digitalis  recently). 

15-5-12 

Electrocardiographic 

156 

312 

Xativ.Digit 

Gran,   i 

*  In  July  the  patient  decided  upon  an  operation  lor  his  enlarged  prostate  ;  he  was  a  good 
deal  worried  about  it  and  he  had  a  return  of  the  flutter.  The  operation  was  performed,  but  he 
died  within  eight  days.     A  post-mortem  could  not  be  obtained. 
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Date. 

Method  of 
Examination. 

Vs  Rate. 

As  Rate. 

Drugs. 

Remarks. 

lG-5-12 

Electrocardiographif 

100 

308 

Digit. 

Gran. 

i 

2:1,3:1  and  5  :  1  irregu- 
lar. Auricular  rate 
constant  after  exertion 
and   after  resting. 

17-5-12 

and 
18-5-12 

Pulse  counts 

70-100 
85-140 

ii 

Very  irregular. 

ii 

Very  irregular. 

19-5-12 

Polygrajjhic 

280 

ii 

2 :  1  with  very  frequent 
3  :  1  and  4  :  1  periods 
(irregular).  (Ventricle 
slower  while  resting). 

20-5-12 

Polygrapliic 

84 

300 

iii 

Very  irregular.  2  :  1,3:  1 , 
4  :  1  and  5  :  1  mixed. 
(Ventricle  slow  while 
resting). 

21-5-12 

Electrocardiographic 

75 

288 

iii 

4  :  1  and  occasional  2:1. 
(Ventricle  slow  while 
resting). 

22-5-12 

Pulse  counts 

70-90 

iii 

Very  irregular. 

23-5-12 

Electrocardiographic 
(after  exercise) 

139 

278 

iii 

2  :  1  after  exercise.  Slow 
and  irregular  while 
resting. 

24-5-12 

Polygraphia 

70 

301 

iii 

Very  irregular.  3  :  1,  4  :  1 
and  5  :  1  mixed. 

25-5-12 

Polygraphic 

114 

29G 

iv 

2  :  1,  3  :  1  and  4  :  1  mixed. 
Very  irregular. 

26-5-12 

Polygraphia 

92 

264 

iv 

Very  irregular.  2  :  1,3:  1, 
4  :  1  and  5  :  1  mixed. 

27-5-12 

Pulse  counts 

90-140 

iv 

Pulse  slow  and  very 
irregular  while  resting. 
Fast  and  regular  while 
standing. 

28-5-12* 

Polygraphic 

74 

280 

i 

Granules 
stopped, 
(total  36) 

3:1,   4:1    and   5:1; 

irregular. 

*0n  the  28th  the  patient  experienced  nausea  and  retching.  There  had  been  yellow  vision 
and  increased  sensibility  to  auditory  and  touch  impressions  for  several  days.  The  digitalis 
administration  had  consequently  to  be  abandoned.  Ifc  was  decided  to  try  strophanthus 
after  a  few  days  of  rest. 


Date. 

Method  of 
Examination. 

Vs  Rate. 

As  Rate. 

Drugs. 

Remarks. 

29-5-12 

Polygraphic 

73 

288 

None 

3:1,    4:1    and    5:  1 
periods  mixed. 

30-5-12 

Pulse  counts 

70-144 

288 

None 

Pulse   slow   and   irregular 
while  resting  ;    fast  and 
regular  while  standing. 

"AURICULAE     FLUTTER." 


181 


Date. 

Method   of 

EXAitrXATIOX. 

r*RATE 

As  Rate. 

Dkuos. 

RE3iLAKK-S. 

l-ft-12 

Poiygraphic 

72-144 

288 

None 

Chiefly  4 :  1  but  often 
irregular.  Fast  standing. 
Xo  change  of  auricular 
rate  with  posture. 

3-6-12 

Pulse  counts 

SO-140 

Xone 

Pulse  slow  and  irregular 
while  resting.  Fast  and 
r^:ular  while  standing. 

4-6-12 

Pulse  counts 

70-90 

Rapid 

Tinct. 
Stroph. 
m.  xl 

Pulse  slow  and  irregular 
while  resting.  Fast  and 
regular  while  standing. 

5-6-12 

Electrocardiographic 

146 

292 

1  drachm 

Slower  after  lying  some 
while. 

6-6-12 

Electrocardiographic 

142 

284 

1  drachm 

2:1,  slower  and  irr^wlar 
on  lying. 

7-6-12 

Electrocardiographic 

144 

2SS 

1  drachni 

2:1.  slower  and  irregular 
on  iving. 

S-6-12 

Electroc-ardiographic 

80-142 

284 

m.  xl 

2  :  1  ehieflv.  Occasional 
periods  of  4  :  1. 

9-6-12 

1  drachm 

10-6-12 

Electrocardiographic 

75-142 

284 

1  drachm 

2  :  1  with  frequent  periods 
of  4  :  1  aiKi  5  :  1. 

11-6  12 

Electrocardiographic 

80-145 

290 

1  drachm 

Chiefly  2:1.  Periods  of 
4  :  1  and  5  :  1  frequent 
on  h-ing  or  resting. 

12-6-12 

Electrocardiographic 

72  144 

288 

1  drachm 

Chiefly  2:1.  Periods  of 
3:1,  4:1  and  5 :  1  on 
lying  or  resting. 

13-6-12 

1  drachm 

14-<>-12 

Electrocardiographic 

80-139 

278 

H  drachms 

Chiefly  2:1.  Periods  of 
4 :  1  while  Iving  or 
resting. 

15-6-12 

Electrocardiographic 

75-150 

300 

H  drachms 

Chieflv  2:1.  Periods  of 
3  :  1  and  4  :  1  while 
resting. 

16-6-12 

li  drachms 

17-t>-12 

Electrocardiographic 

1.50 

300 

1  i  drachms 

Chiefly  2:1,  irregular 
while  resting. 

18-6-12* 

Electrocardiographic 

144 

288 

Stroph. 
stopped. 
tTotal 
ir.  xv.m.xx 

Chiefly       2:1.       irregular 
while  resting. 

*The  treatment  was  abandoned  on  the  18th,  as  there  seemed  little  or  no  prospect  of  obtaining 
fibrillation.     Diarrhoea  had  been  present  for  a  number  of  days. 

The  patient's  general  condition  had  improved  a  good  deal,  chiefly  it  may  be  presmned 
as  a  residt  of  rest  and  the  slower  ventricular  action,  whenever  he  was  h'ing  or  quiet. 
During  the  whole  of  the  treatment  he  rested  in  bed  or  uix>n  a  couch,  getting  up  for  a  tew  hours 
each  day. 

13-9-12.     The  patient  writes  that  lus  heart  rate   is  still  fast. 
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Two  figures  are  published  from  this  case.  The  first  (Fig.  28)  was  taken 
when  the  patient  first  came  under  observation.  It  shows  a  reguhir  auricular 
action  at  324  per  minute  ;  the  ventricle  beating  at  half  this  frequency. 
The  auricular  complexes  are  clearly  visible  in  all  three  leads.  In  lead  /  they 
are  small,  pointed,  upwardly  directed  peaks.  The  P-R  interval  is  of  about 
■09  sec.  duration.  In  leads  //  and  ///  the  auricular  complexes  are  con- 
tiguous, together  forming  a  wavy  line.  The  point  which  represents  the  onset 
of  auricular  systole  in  these  leads  can  be  ascertained.  The  quick  deflections 
(P)  of  lead  /,  must  be  held  to  mark  the  commencement  of  systole  (for  at 
the  commencement  of  systole  the  potentials  of  right  and  left  side  are 
unbalanced).  Taking  the  same  P-R  intervals  for  leads  II  and  ///,  we 
arrive  at  the  commencements  of  the  upstrokes.  P,  therefore,  is  convex  in 
each  of  these  leads  and  starts  in  an  upstroke.     T  is  seen  only  in  lead  /, 

Fig.  29  was  taken  from  the  same  subject  four  months  later  while  he  was 
under  digitalis.  A  higher  grade  of  heart-block  had  developed  as  a  result  of 
the  drug  administration.  The  auricular  rate  is  308.  The  ventricular  action 
is  very  irregular,  consisting  of  a  mixture  of  2  :  1  and  5  :  1  ratios.  The  P-E 
intervals,  which  vary  in  length,  \\ill  be  referred  to  in  more  detail  at  a  later 
stage. 

Summary.  In  a  man  of  53  years,  attacks  of  palpitation  and  rapid  heart 
action  had  been  present  for  38  years.  When  first  seen  the  rapid  action  had  been 
ptersistent  for  three  years.  An  auricular  rate  A\hich  varied  between  264 
and  324  was  recorded  and  was  persistent  over  a  period  of  observation  of 
five  months.  The  ventricle  responded  to  each  second  auricular  contraction. 
Posture  had  no  influence  on  the  auricular  rate  ;  a  continued  course  of 
digitalis  appeared  to  reduce  it  someA\hat.  Under  full  doses  of  digitahs  the 
ventricular  rate  was  retarded,  the  pulse  becoming  extremely  irregular.  The 
digitalis  was  withdrawn  before  fibrillation  of  the  auricles  could  be  induced. 
Tincture  of  strophanthus  was  used  and  produced  similar  ventricular  slowing. 
Pressure  on  the  vagus  (right  and  left)  produced  increased  ventricular,  but 
no  auricular  slowing,  \\hile  the  patient  was  under  the  influence  of  these 
drugs.  The  treatment  with  strophanthus  had  also  to  be  abandoned.  The 
general  condition  of  the  patient  at  the  end  of  treatment  seemed  improved, 

CASE  4.  W.  T.,  a  traveller,  aged  62,  came  under  observation  on 
May  the  24th,  1912. 

Past  illnesses.  When  young  he  had  scarlet  fever  and  smallpox.  Until  the  age  of  35  his 
health  remained  good  ;  he  then  had  an  attack  of  appendicitis.  At  the  age  of  40  he  developed  a 
hernia.  At  42  he  had  inflammation  of  the  lungs  and  a  slight  attack  of  tyjilioid  fever.  At  45 
he  developed  a  fistula  and  subsequently  hjemorrhoids.  He  was  of)erated  upon  twice  for  the 
rectal  conditions  and  subsequently  was  not  bothered  by  them. 

History  of  cardiac  condition.  In  the  late  montlis  of  the  year  1911  he  noticed  a  little  shortness 
of  breath  on  exertion.  In  the  first  week  of  January,  1912,  he  was  laid  up  with  a  severe  attack  of 
"  influenza  "  ;  the  illness  commenced  witli  headache,  prostration,  cougli  and  fever  (100-101°  F.) ; 
he  was  in  bed  for  eiglit  Aveeks  and  during  that  time  his  doctor  noticed  that  his  heart  began  to  beat 
rapidly.     The  patient  noticed  nothing  the  matter  with  his  heart  until  his  attention  was  drawn 
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to  it.  He  got  up  early  in  March  and  experienced  feebleness  and  considerable  shortness  of  breath 
upon  exertion.  He  was  easily  exliausted  and  had  sharp  short  pains  localised  to  the  left  side  of  his 
chest.  The  pains  were  not  influenced  bj-  exercise  or  by  food.  They  came  on  at  any  time  of  the 
day  or  night,  and  often  while  he  was  sitting  quietly.  Usually  they  lasted  but  a  few  minutes. 
He  also  suffered  from  cramping  pain  and  soreness  of  the  left  slioulder  which  usually  disturbed 
him  most  when  in  bed  ;  the  shoulder  pain  was  present  while  he  was  under  treatment.  Food  was 
always  taken  well,  though  he  had  suffered  from  slight  indigestion  at  times,  and  the  bowels  were 
generally  constipated.     The  heart's  action  remained  continually  rapid. 

Condition  on  Mau  the  24th,  1912.  A  hea^-il\-  built  man  with  florid  countenance,  he  had  a 
trace  of  cyanosis.  His  breath  was  somewhat  short  and  the  slightest  exertion  enhanced  this 
sTOiptom,  so  that  in  walking  up  a  gentle  decU\'ity  he  was  obliged  to  halt  every  few  hundred  yards. 
The  limits  of  cardiac  dulness  lay  '2i  and  6J  inches  to  the  right  and  left  of  the  mid-sternal  line, 
respectiveh'.  The  heart  sounds  were  natural  and  there  were  no  murmurs.  The  heart's  action 
was  rapid.  The  arteries  showed  no  signs  of  thickening  ;  the  systolic  blood  pressure  was  140  mm. 
Hg.  The  urine  was  normal.  Neither  the  liver  nor  the  spleen  could  be  felt.  The  teeth  were 
carious. 

The  patient  was  examined  on  two  occasions  before  observation  became  continuous.  He 
was  treated  first  with  digitalis  and  secondly  with  strophanthus.  The  observations  are  embodied 
in  the  following  tables. 


Date. 

Method  of 
examevatiox. 

Vs  Rate. 

As  Rate. 
276 

Drugs. 

Remarks. 

19-3-12 

Electrocardiograpliie 

138 

None 

2  :  1  heart-block. 

22-5-12 

Electrocardiographic 

138 

276 

None 

2  :  1  heart-block. 

24-5-12 

Polygraphic 

131 

262 

Tinct. 
Digit, 
m.  X 

25-5-12 

Polygraphic 

136 

272 

m.  XXX 

2  :  1  heart -block. 

26-5-12 

Electrocardiographic 

136 

272 

m.  XXX 

2  :  1  heart-block . 

27-5-12 

m.  XXX 

28-5-12 

Electrocardiographic 
Electrocardiographic 

135 

270 

m.  xlv 

2  :  1  heart-block. 

29-5-12 

138 

270 

m.  xlv 

2  :  1  heart-block. 

30-5-12 

Elect  rocard  iograph  ic 

114-137 

274 

m.  xlv 

2  :  1  with  occasional  4  :  1 
periods.  A  little  pain  in 
left  chest.  Pressure  on 
right  vagus  slowed  ven- 
tricle but  not  auricle. 

31-5-12 

Electrocardiographic 

94 

278 

m.  Ix 
(Total 
dr.  iv,  m.lv 

2  :  1    and    4  :  1    mixed. 
Very  irregular. 

On  the  31st  the  patient  commenced  to  vomit.     The  digitalis  was  omitted  and,  after  a  few 
days  rest,  strophanthus  was  given. 


l-G-12 

Polygraphic 

100-130 

260 

None 

2  :  1  with  4  :  1  periods.  In 
bed,  sickness  stopped. 

3  6-12 

Polygraphic 

90-132 

264 

None 

Periods  of  2  :  1,  also  3  :  1, 
4  :  1  and  o  :  1.  No 
sickness  or  nausea. 

4-6-12 

Electrocardiographic 

110  134 

268 

Tinct. 
Stroph. 
m.  XX 

Vagal  pressure  bright)  pro- 
duced ventricular  but 
not  auricular  slowing. 
2  :  1  and  4  :  1  mixed. 

5-6-12 

Elect  rocardio£rrap]iic 

136 

272 

m.  Ix 

2  :  1  heart-block. 
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Date. 

Method  of 
Examination. 

T'.s  Rate. 

.4,s'  Rate. 

Drugs. 

Remarks. 

C  (5-12 

Electrocardiographic 

100-135 
12.V135 

270 

Tinct. 

Stro]))!. 
m.  Ix 

Slight  diarrhoea  and  giddi- 
ness.    2  :  1  heart-hlock. 
Some  4  :  1  periods. 

7-6-12 

Electrocardiographic 

270 

m.  Ix 

Chiefly   2:1.      Some  4  :  1 
periods  lying. 

8-6-12 

Pulse  counts 

80-100 

m.  Ix 

Very  irregular  ;    in  bed. 

9-6-12 

m.  xl 

10-6-12 

Polygraphia 

130 

260 

m.  Ix 

2  :  1  occasional    periods  of  4  :  1. 
Hail  just  been  th-cssinsliimself 
Pressure      on      eitliir     vagus 
caused  slowing. 

ll-G-12 

Electrocardiographic 

115-136 

272 

m.  Ixx 
m.  Ixxv 

Chiefly     2:1,     occasional 
periods  of  4:1. 

12-6-12 

Electrocardiographic 

100-133 

266 
270 
270 

2  :  1    with    frequent    4  :  1 
periods,  especially  while 
resting. 

13-6-12 

Electrocardiographic 

105-135 

m.  1 

2  :  1    with    frequent    4  :  1 
periods,  especially  while 
resting. 

14-6-12 

E  lectrocardiographic 

95-135 
98-134 

m.  XXV 

2  :  1     with   frequent    4  :  1 
periods,  especially  while 
resting. 

15-6-12 

Electrocardiographic 

268 

m.  1 

2  :  1    with    frequent     3  :  1 
4  :  1  and  5  :  1  periods. 

16-6-12 

m.  Ixxv 

17-6-12 

Electrocardiograms 

90 

275 

m.  Ixxv 

Very  irregular,  2:1,3:1, 
4  :  1    and    5  :  1    periods 
mixed. 

18-6-12 

Electrocardiogram  s 

95 

273 

m.  1 

Very  irregular,  2:1,  3:1 
aiid  4  :  1  periods  mixed. 

19-6  12 

Electrocardiograms 

92 

276 

m.  Iv 

Very  irregular,  2:1.  3:1 
and  4  :  1  periods  mixed. 

20  6-12 

Electrocardiograms 

80 

270 

m.  XXX 

Stroi)h. 
stoi^jied. 
(Total 
dr.xv.m.x\ 

Very  irregular.     3  :  1  and 
4  :  1  mixed.     Diarrhoja 
has   been   present  since 
tlie  6th. 

23-6-12 

Polygraphic 

132 

264 

None 

Chiefly  2  : 1.   Occasional  3  : 1  and 
4  : 1  periods.  Diarrhwa  stopped, 
lias  iuiprovcd  in  general  con- 
dition.    Vagal  pressure  slows 

the  ventricle. 

23-6-12.      On  this  date  the  treatment  was  abandoned  as  tliore  seemed  no  ])rosi->eet  of  ohtaininf 
fibrillation. 


19-7-12 

Polygraphic 

i:;:! 

:](i(i 

None 

Pressure    on    right    %agiis 
IJroduced  long  pauses. 

14-8-12 

Electrocardiographic 

13(i 

272 

None 

Health  unaltered. 

11-9-12 

Electrocardiographic 

135 

270 

None 

Health  unaltered. 
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Observations  were  macle  upon  the  heart  rate  as  aflfected  by  ]50sture  and  exercise.  On  the 
21th  of  May,  1912,  curves  were  taken  from  the  brachial  artery  in  the  standing  and  lying  postures  ; 
the  pulse  was  regular  throughout,  the  ventricle  beating  at  half  the  auricular  rate. 

Lving.  Standing. 
130^  130 

130  132 

130  — 

Similar  observations  were  made  upon  June  the  23rd,  1912. 

Lving.  Standing. 
i29  134 

132  134 
130  133 

Similar  observations  were  made  on  July  the  19th,  1912. 

Lying.  Standing. 

133  132 
132  132 
130  133 

On  June  the   23rd,    1912,    two  continuous  curves  were  taken  immediately  after  exercise. 

Rate  before  exercise  (standing)   134. 

Rate  each  hah'  minute  after  exercise  (standing)  134,   134,   134. 

Rate  each  half  minute  after  exercise  (standing)  134,  134,   134,   134. 
Another  curve  of  the  same  sort  was  taken  on  July  the  19th,  1912. 

Rate  before  exercise  (standing)   135. 

Rate  each  half  minute  after  exercise  (standing)  135,  134,  13G,  137,  137,  137,  130,  13G. 

The  electrocardiograms  from  this  case  are  very  similar  to  those  of 
CASE  3.  The  two  published  curves  (Fig.  30  and  31)  were  taken  within 
two  days  of  each  other,  the  second  (Fig.  31)  shows  the  first  reaction  of  the 
heart  to  digitahs.  In  Fig.  30  the  ratio  is  as  2  :  1,  the  auricular  rate  being 
276  per  minute.  P  is  not  clear  in  lead  /,  but  in  leads  //  and  ///  the 
continuous  line  of  auricular  complexes  has  a  form  almost  identical  with  that 
seen  in  Fig.  19  and  20  ;  but  there  is  a  difference.  In  Fig.  20  similar  phases  of 
the  wavy  lines  correspond  in  leads  //  and  ///  ;  while  in  Fig.  30,  the  upstroke 
of  each  wave  in  lead  //  corresponds  to  a  point  a  little  to  the  right  of  the 
upstroke  in  lead  ///.      T  appears  in  lead  /  only. 

The  irregular  heart  action  of  Fig.  31  consists  of  responses  to  each  second, 
third  or  fourth  auricular  systole  ;  there  is  as  usual  a  variation  in  the  length 
of  the  P-R  interval,  according  as  it  falls  after  a  long  or  short  ventricular 
cycle. 

Summary.  A  man  of  62  years  developed  a  continuously  rapid  heart 
action  during  a  severe  attack  of  '"  influenza."  The  auricular  rate  was  270, 
the  ventricular  rate  135  per  minute.  After  the  auricular  "  flutter  "  had  been 
present  for  five  months,  he  was  treated  first  with  digitalis  and  secondly  with 
strophanthus.  These  drugs  slowed  the  ventricle  but  had  no  influence  upon 
the  auricle.  Vagal  (right  and  left)  pressure,  while  he  was  under  the  influence 
of  both  these  drugs  caused  further  ventricular  slowing  \\'ithout  affecting  the 
rate  of  the  auricle.  Posture  influenced  the  rate  of  the  auricle  but  a  few 
beats  per  minute  ;  exercise  had  no  efifect.  The  treatment  with  both  digitalis 
and  strophanthus  was  abandoned  ;  fibrillation  could  not  be  obtained. 
There  was  slight  but  definite  im])rovpment  in  the  condition,  presumably  as 
the  result  of  the  rest  and  drug  administration. 
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CASE  5*     W.  G.,  a  French  polisher,  GO  years  of  age. 


Pant  history.     The  patient  liad  gonorrlicEa  at  tlie  age  of  ]  7. 
some  obscure  chest  aihnent. 


At  2.'5  lie  was  laid  up  witli 


History  of  cardiac  condition.  There  had  been  periodic  attacks  of  breathlessness  of  a 
distressing  and  exhausting  character  for  three  and  a  half  months. 

Condition,  November  the  dth,  1911.  Orthopncca  and  slight  cyanosis  were  present.  The  pulse 
was  constantly  rapid  and  regular.  The  apex  beat  lay  in  the  fifth  and  sixth  spaces  ;  the  limits  of 
heart  dulness  were  1^-  and  6  inches  to  right  and  left  of  tlie  mid-sternal  line.  A  systolic  numnur 
was  heard  at  the  apex.  The  liver  was  enlarged  ;  the  urine  was  normal.  Tlie  blood  pressure 
varied  between  110  and  120  mm.  Hg. 

The  mechanisms  and  tlie  rates  of  heart  beat  are  summarised  in  the  following  table  which 
show.a  the  course  of  the  illness  under  treatment. 


Date. 

Method  of 
examin.\ti0n. 

Vs  Rate. 

.4 «  Rate. 

Drugs. 

Remarks. 

10-11-11 

to 
25-11-11 

Pulse  counts 

145-1.50 

None 

In  all  jirobabilitj'  2  :  1 
heart-block  throughout. 

25-11-11 

Pulse  count 

150 

203 
300 

Digit, 
iufus. 
dr.  xii 

2  :  1  heart-block.  The 
rate  was  not  changed  by 
post  me. 

2(MM1 

Electrocardiographic 

146-5 

dr.  xii 

2 :  1  heart-block.  Occa- 
sional premature  beats 
from  the  ventricle. 

28-11-11 

Electrocardiographic 

150 

dr.  xii 

2  :  1  heart-block. 

1-12-11 

Electrocardiographic 

74-8- 
149-5 

209 

288 

dr.  xii 

2  :  I  heart-block  with 
occasional  4  :  1  periods. 

2-12-11 

Electrocardiographic 

72-100 

dr.  xii 

4 :  1  heart-block  with 
occasional  2  :  1  periods. 

3-12-11 

Polygraphic 

73 

292 

dr.  xii 

4  :  1  heart-block. 

4-12-11 

Electrocardiographic 

72 

288 

dr.  xii 

4  :  1  heart-block.  Pressure 
on  either  carotid  sheath 
gave  further  slowing  of 
the  ventricle  but  none 
of  the  auricle. 

The  condition  remained  imaltered  until  December  the  llth.  1011. 


11-12-11 

Electrocardiographic 

44 

0 

Digit, 
infus. 
dr.  xii 

Gross   irregularity. 
Auricular  fibrillation. 

12-12-11 

Polygraphic 

40 

0 

dr.  xii 

(Total 
xxvii  oz. ) 

Gross  irregularity. 
Auricular   fibrillation. 
Digitalis  stopped. 

13-12-11 

Polygraphic 

45 

0 

Xone 

Auricular  fibrillation. 

14-12-11 

Polygraphic 

56 

0 
0 

0 

None 
None 

Auricvdar  fibrillation 

18-12-11 

Polygraphic 

53 

Auricular  fibrillation. 

20-12-11 

Polygraphic 

Cr2 

Xone 

Auricular  fibrillation. 

*  This  case  has  been  fully  reported  in  Heart,  1912,  iii,  285.  I  repeat  the  chief  facts  of  the 
case  in  tlie  form  of  a  summary-,  and  enter  the  case  in  this  section  of  the  communication  because 
I  am  able  to  add  to  the  first  report. 
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Date. 

Method  of 
evamls'atiox. 

Vs  Rate. 

As  Rate. 

Drugs. 

Remakks. 

4-1-12 

Electrocardiograpliic 

03 

03 

None 

Normal  rhytlim.  Occa- 
sional premature  auri- 
cular contractions. 

G-1-12 

Electrocardiographic 

t)3 

03 

Xoue 

Normal  rhj-tlim.  Occa- 
sional i)remature  auri- 
cidar  contractions. 

8-1-12.  Discharged  from  hospital,  much  improved  ;  colour  good,  no  liver  enlargement,  breathing 
free  and  easv. 


20-1-12 

Electrocardiographic 

^2 

.-5  J 

Xoiic 

Normal  rh\  tlim.  Pressure 
on  neither  carotid  sheatli 
had  any  effect. 

24-2-12 

Electrocardiographic 

132 

204 

None 

Has  been  feeUng  bad  again 
for  a  week.  2  :  1  heart- 
block  present. 

27-4-12 

Electrocardiographic 

08-130 

272 

V 

Chiefly  2  :  1  heart-block. 
A  good  mam'  4 :  1 
periods. 

Re-achnitted  to  hospital  18-3-12,  complaining  of  pain  in  the  chest,  shortness  of  breath, 
palpitation  and  swellmg  of  the  abdomen  and  feet.  The  pulse  was  continuously  rapid.  Slight 
cyanosLs,  dyspnoea,  liver  enlargement,  ascites  and  dropsy  of  the  feet  were  present. 


18-5-12 

Pulse  counts 

14.3 

Inf.  dig. 
dr.sii  daily 

22-U-12 

Electrocardiograpliic 

00-138 

270 

dr.   xii 

Chiefly  4:1  heart-block, 
some  2  :  1  periods. 

20-O-12 

Electrocardiograi)hic 

72-144 

288 

dr.  xii 

Chiefly  4  :  1  heart-block, 
2  :  1  periods  after  effort. 

1-0-12 

E  lectrocard  iogra  ph  ic 

04-00 

250 

dr.  xii 

Chiefly  4  :  1  heart-block, 
some  2  :  1  and  3  :  1 
periods.  Pressure  on 
either  vagus  produced 
further  slowing. 

5-0-12 

Pulse  count 

(17 

dr.  xii 

The  pain  has  gone,  and  all 
the  signs  of  liver  en- 
largement. Ascites  and 
dropsy  have  disappear- 
ed.    Pulse  regular. 

0-0-12 

Pulse  count 

00 

02 

dr.  xviii 
daily 

Pulse  regular. 

9-G-12 

Polygraphic 

24S 

dr.  x\  i.i 
daily. 

4  :  1  heart-block. 

15-0-12 

Poly  graphic 

58-04 

250 

dr.  xviii 
daily 

Chiefly  4  :  1  heart-block, 
some  8  :  1  periods ; 
pressure  on  either  vagus 
produced  further  slow- 
ing. 

20-0-12 

Polygrapliic 

54-02 

248 

Digit, 
-stopped. 
(Total 
Ixii  oz.) 

Chiefly  4  :  1  heart-block, 
some  0  :  1  and  8  :  1 
periods. 
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Date. 

Method  of 
Examination. 

Vs  Rate. 

.4s  Rate. 

Drugs. 

Remarks. 

24-1-12 

Pulse  counts 

80-110 

None 

Very  irregular. 

27-6-12 

Electro  cardiographi  c 

G2-5-125 

2o0 

None 

General     condition      very 
much  improved.     Pres- 
sure   on    vagi    still    in- 
duces ventricular  slow- 
ing.    While  the  patient 
is  lying  the  ratio  is  4  :  1  ; 
after  exercise  it  is  2  :  1 
or  irregular. 

27-0-12 

Discharged  from  hosp 

ital. 

(i-7-12 

Eiectrocardiograpliic 

95 

0 

None 

Auricular  fibrillation. 

3-8-12 

Electrocardiographic 

85-120 

85-120 

None 

Normal  rhythm.  Pressure 
on  right  and  left  vaci 
produced  great  slowing 
of  wliole  heart,  with 
slight  prolongation  of 
P-R  interval. 

14-9-12 

Electrocardiographic 

(\5 

65 

None 

Normal  rhythm.  Occa- 
sional premature  auricu- 
lar contractions. 

Observations  were  made  as  to  tlie  effect  of  posture  on  the  auricular  rate  (calculated  from  the 


regular  ventricular  rhythm)  in  this  case  on  a  number  of  occasions. 
or  inappreciable.     An  example  of  readings  may  be  given  : — 


The  effect  was  alwavs  negative 


-•ying. 

Standing 

249 

250 

249 

248 

251 

245 

249 

246 

Exercise,  similarly,  was  without  appreciable  result.  Before  exercise  the  auricular  z'ate  %\  as 
246,  at  half -minute  intervals,  directly  after  exercise,  the  readings  were  244,  246,  245  and  252  ; 
after  further  exercise,  they  were  256,  254,  254  over  intervals  of  one  minute. 

Control  curves  were  taken  on  September  the  3rd,  while  the  mechanism  was  normal.  The 
rate  (auricle  and  ventricle)  before  exercise  was  75,  after  exercise  110  and  later  80.  Postural 
effacts  were  also  observed. 

Lying.  Standing. 

84  111 


79 
82 

84 


110 
112 
HI 


The  electrocardiograms  of  this  case  were  fully  illustrated  in  my  former 
paper.  The  P  summits  of  the  periods  of  flutter  were  clear  in  all  leads  ; 
and  those  of  lead  I  were  small,  pointed  and  upright  summits.  In  leads 
//and  ///thelinesof  auricular  waves  were  contiguous,  the  separate  summits 
being  convex  ;    the  rate  was  about  300  per  minute. 

Curves  showing,  chronologically,  mixed  2  :  1  and  4  :  1  periods,  regular 
4  :  1  block  ;  auricular  fibrillation  ;  and  lastly,  the  normal  rhythm  were 
pubhshed.  The  changes  occurred  as  a  result  of  digitahs  administration.  The 
auricular  oscillations  were  more  conspicuous  during  the  period  of  flutter 
than  during  the  period  of  fibrillation.  The  P  summits  of  the  normal  rhythm 
were  quite  unhke  those  of  the  period  of  flutter.     The  shape  of  the  initial 
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ventricular    deflections   remained    unchanged    throughout.      T  was  scarcely 
visible  in  any  lead. 

Summary.  A  man  of  60  years  develoj)ed  a  continuously  rapid  heart 
action.  The  auricular  rate  was  300,  the  ventricular  150.  After  the 
"■  flutter  "  had  been  present  for  some  while,  he  was  treated  with  digitahs. 
This  drug  slowed  the  ventricle  to  a  fourth  of  the  auricular  rate.  During  this 
stage,  pressure  on  either  vagus  caused  further  slowing  of  the  ventricle  but 
had  no  eiiect  upon  the  auricular  rate.  Eventually  fibrillation  appeared  and, 
the  digitahs  being  stopped,  the  normal  rhythm  reappeared.  Some  seven 
weeks  later  the  flutter  came  again  and  digitahs,  though  it  produced  conspicuous 
slowing,  seemed  to  have  no  influence  upon  the  auricles.  Eventually  he  was 
discharged  and  a  week  later  fibrillation  was  found ;  this  subsided  and  the 
normal  rhythm  was  again  restored.  The  flutter  rate  was  influenced  by 
posture  or  exertion  to  no  apiDreciable  extent  ;  the  normal  rhythm,  when 
present,  was  influenced  by  both,  and  vagal  pressure  (right  and  left)  gave 
slowing,  during  this  stage. 

CASE  6.     F.  T.,  an  actor  of  47  years. 

On  June  the  18th,  1912,  Dr.  .Jordan,  of  Guys  Hospital,  asked  me  to  examine  a  case  of 
tachjtardia.  The  patient  liad  been  to  Dr.  Jordan  in  the  morning  for  an  examination  of  the 
aJinientarj-  canal.  Looking  at  the  heart  upon  the  fluorescent  screen.  Dr.  Jordan  could  see  an 
extremely  rapid  undulation  of  the  heart  margin  ;  the  systolic  displacement  of  the  ventricular 
border  w£is  almost  absent,  a  tremulous  movement  of  the  left  outline  was  alone  visible.  At  the 
time,  the  pulse  was  practically  impercei)tible. 

In  the  evening  I  saw  the  patient  at  Dr.  Jordan's  rooms.  He  seemed  in  no  distress,  the 
breatliing  was  free.  The  \entricular  action  was  quite  regular,  the  rate  being  about  160  per 
minute.  The  pulse  was  also  regular  and  fairly  full.  The  systolic  displacement  of  the  left  heart 
border  was  clearly  \'isible  on  the  fluorescent  screen  and  amounted  to  J  or  i  an  inch.  The  tug  of 
the  ventricle  upon  the  right  auiicle  was  clear,  but  no  intrinsic  beating  could  be  seen  in  this  auricle. 
On  the  other  side,  in  the  position  of  the  left  appendix,  there  was  a  movement  of  much  greater 
rajjidity.  The  arch  of  the  aorta  showed  slight  senile  dilatation.  The  heart  limits  to  percussion 
and  as  seen  upon  the  screen  were  a  little  wide  towards  the  left  side.  There  were  no  murmurs. 
The  arteries  seemed  soft  and  the  tension  moderate.  The  same  evening  electrocardiograms  were 
taken.  The  patient  gave  a  history  of  attacks  of  palpitation  coming  on  suddenly  and  being 
accompanied  by  rapid  heart  action  ever  since  he  was  a  young  man.  The  attacks  had  left  him 
exhausted  and  unfit  for  exertion.  They  were  brought  on  by  exercise  or  emotion  ;  he  had  had 
them  while  on  the  stage,  but  had.  always  managed  to  complete  his  evening's  work,  though  often 
only  with  considerable  effort.  For  years  he  had  suffered  from  attacks  of  acute  gout  in  the  feet 
and  wrists,  the  joints  becoming  inflamed,  swollen  and  tender.  The  condition  moved  from  joint 
to  joint  with  suddenness.  There  were  no  tophi  in  the  ears,  but  chronic  changes  were  found  in  the 
metatarsophalangeal  joints  of  the  great  toes  and  in  the  wrists.      The  patient  refused  treatment. 

The  electrocardiograms  showed  an  extremely  rapid  auricular  action, 
the  rate  being  330.  The  ventricle  was  beating  at  half  this  rate.  The 
electrocardiograms  are  shown  in  Fig.  32.  T  is  present  in  leads  /  and  II 
but  not  in  lead  ///.  The  auricular  summits  in  lead  /  are  small  and 
inconspicuous,  though  visible.  In  leads  //  and  ///  they  are  of  the  usual 
form,  and  are  contiguous.  (Compare  Fig.  29  and  31.)  It  is  probable,  but 
not  certain,  that  each  auricular  cycle  commences  Avith  an  upstroke. 

Summary.  A  man  of  47  years  had  suffered  since  he  was  a  \'Oung  man 
from  attacks  of  rapid  heart  action.     He  suffered  also  from  gout.     He  was 
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seen  on  one  occasion  only  ;  the  auricles  were  found  to  be  beating  at  .'i.'JO 
per  minute  and  the  ventricles  at  165  per  minute.  It  is  probable  that  on 
occasions  the  ventricular  action  responded  more  rapidly  ;  in  other  words 
that  the  grade  of  2  :  1  heart-block  gave  place  to  one  in  which  the  responses 
were  successive. 

CASE  7.  A.  P.,  an  elderly  gentleman,  was  examined  electrocardio- 
graphically  only  and  I  have  notes  neither  of  his  symptoms  nor  of  the  size 
of  the  heart  or  its  auscultatory  signs.  The  electrocardiograms  are  shown 
in  Fig.  33.  The  heart's  action  is  quite  regular.  The  auricular  rate  is  228, 
the  ventricular  rate  114.  2:1  heart-block  is  present.  The  auricular  summits 
are  most  distinct  in  lead  //,  but  are  also  clearly  visible  in  leads  /  and  ///. 
In  all  leads  the  summits  are  upright.  The  curves  differ  from  the  others  of 
this  series  in  that  the  P  summits  are  not  contiguous  ;  distinct  intervals  are 
present  between  the  termination  of  the  downstrokes  and  the  commencement 
of  upstrokes.  This  fact  is  probably  accounted  for  by  the  slow  rate  of 
auricular  action  as  compared  with  that  found  in  other  cases.  The  heart 
action  was  a  persistent  one,  having  been  present  for  some  months. 

CASE  8.  W.,  a  clergyman  of  52  years,  was  seen  on  a  single  occasion 
and  for  electrocardiographic  examination  only. 

1  have  but  brief  notes  of  his  historj'.  For  some  while  he  had  suffered  from  breathicssness 
and  a  sense  of  weakness  and  exliaustion  whenever  he  exerted  himself.  He  was  unable  to  walk 
fast,  though  with  effort  he  could  manage  to  keep  going  for  a  good  many  miles.  He  had  been 
treated  for  albuminurea  some  years  before  and  was  reported  cured.  There  was  some  cardiac 
enlargement  to  the  left,  but  no  munnurs  ;   the  heait  action  was  very  irregular. 


'&'- 


The  electrocardiograms  showed  that  the  auricle  was  beating  regularly 
at  260  per  minute.  The  ventricular  rate  varied  between  90  and  130.  As  a 
rule  the  ventricle  responded  to  each  alternate  auricular  contraction  ;  3:1 
and  4  :  1  periods  occurred  from  time  to  time.  The  ventricular  complexes 
were  very  similar  to  those  seen  in  the  other  patients.  In  leads  //  and  /// 
the  auricular  complexes  were  contiguous  and  were  of  the  customary  form, 
forming  as  a  whole  a  zig-zag  line,  composed  of  short  steep  upward  deflections 
and  longer  and  more  inclined  downward  deflections.  The  type  of  curve  is 
shown  in  Fig.  29.     The  summit  T  could  not  be  found  in  any  lead. 

Previously  reported  cases. 
CASE  9.     (Reported  by  Hertz  and  Goodhart.^)     A  woman  of  39  years. 

There  was  a  history  of  scarlet  fever  at  the  age  of  1 1 ,  after  which  she  suffered  from  i^alpitation  ; 
for  this  she  was  treated  eight  years  later  and  became  perfectly  well.  A  few  months  before  she 
was  examined  she  became  breathless  and  developed  lividity.  The  heart  beat  irregularly  at  this 
time. 

The  patient  had  an  oi-ganic  hemiplegia.  There  was  but  little  cardiac  enlargement,  a  systolic 
apical  murnua-  was  present,  the  rate  of  beat  was  slow.  At  times  a  ]tresystolic  or  early  diastolic 
murmur  was  heard.  The  ventricular  beats  were  coupled.  On  digitalis  the  ventricular  rate  fell 
and  reached  44  beats  per  minute. 
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Polygraphic  curves  showed  an  auricular  action  varying  between  216 
and  234  beats  per  minute.  Atropine  and  exercise  had  no  effect  on  the 
auricular  rate  but  increased  the  ventricular  rate.  A  high  grade  of  partial 
heart-block  is  shown  in  the  single  curve  illustrating  the  case.  She  was 
under  observation  for  nearly  a  year  and  the  auricular  action  was  constantly 
fast  over  this  period. 

CASE  10.  (Reported  by  Jolly  and  Ritchie,^  CASE  1).  A  man  of 
61  years. 

The  ventricular  action  was  always  slow,  varying  between  30  and  63 
beats  per  minute,  the  usual  rate  being  in  the  neighbourhood  of  33  beats  per 
minute.  He  had  suffered  from  complete  heart-block,  the  auricle  and 
ventricle  beating  independently  at  the  usual  rates  found  in  such  cases,  and  in 
addition,  attacks  of  great  acceleration  of  the  auricle  were  observed,  the  last 
of  which  became  permanent  and  was  watched  for  two  years.  The  auricular 
rate,  while  it  was  accelerated,  varied  between  234  and  300  per  minute.  The 
only  symptoms  mentioned  were  those  of  Adams-Stokes'  syndrome. 
Electrocardiograms  and  polygraphic  curves  are  given  ;  they  show  comjilete 
block  and  an  extremely  fast  auricular  action.  The  tj^Q  of  auricular  curve 
was  almost  identical  with  that  shown  in  Fig.  29  of  this  paper.  Digitalis 
ajjparently  was  not  used.  Atropine  was  given  and  had  no  influence  upon  the 
auricular  and  ventricular  rates. 

CASE  11.  (Reported  by  Rihl,'>  CASE  1.)  A  cabinet  maker  of  55 
years. 

The  patient  was  said  to  have  suffered  from  typhoid  at  18  and  pneumonia  a  year  later.  For 
many  years  afterwards  he  had  i)ainful  swellings  of  single  joints  of  a  few  days  duration.  He  gave 
a  history  of  four  months  jialpitation  and  breathlossness,  which  were  especially  prominent  after 
exertion. 

The  apex  beat  was  in  the  fifth  and  sixth  spaces.  The  left  border  of  dulness  lay  a  finger's 
breadth  outside  the  medio-clavicular  line  ;  the  right  border  at  the  left  edge  of  the  sternum.  Tlie 
blootl  pressure  was  80-12-1  mm.  Hg.  There  were  no  murmurs.  Some  of  the  arteries  were 
tortuous.     The  progress  of  the  case  is  summarised  in  the  following  table. 


Date. 

Method  of 
Examination. 

Vs  Rate. 

As  Rate. 

Drugs. 

Remarks. 

2-6-10 

Polygraphic 

143-150 

Proljablv 
240-300 

Xone 

5-6-10 

Digalen 
m.  x\  ii 

6-6-10 

9 

150 

Probably 
300 

m.  1 

7-6-10 

Polygraphic 

100 

Probably 
290 

m.  xxxiv 

Heart  action  irregular. 
2  :  1  and  4  :  1  periods. 

8-0-10 

Polygraphic 

About 

85 

Probablv 
.304 

m.  xxxiv 

Heart  action  irregular. 
4  :  1  with  2  :  1  and  3  :  1 

I  icriuds. 
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Date. 

Method  of 
Examination. 

Vs  Rate. 

Afi  Rate. 

Drugs. 

Remarks. 

9-6-10 

m.  xxxiv 

10-6-10 

m.  xxxiv 

11-G-lO 

Polygrapliic 

Al:)out 
74 

About 
20() 

m.  xxxiv 
(-0006  gr. 
Atropine) 

Atropine            injection 
temporarily  restored 
original        condition. 
Rates  140  and  280. 

12-6-10 

m.  xxxiv 

13-6-10 

^ 

76 

ni.  xxxiv 

Irregularities  infrequent. 
Probably  chiefly  4:1. 

18-6-10 

Systolic    miirnnir    audible 
at  apex. 

23-6-10 

? 

Approx. 
100 

Approx. 
05 

Very  irregular  again. 

24-6-10 

Polygraphic 

Ap]irox. 

288 

Atropine 
•001    gr. 
Digalen 
m.  xvii 

Atropine  restored  original 
2  :  1    rhythm.       (Rates 
141  and  282). 

25-6-10 

m.  1 

26-6-10 

9 

Approx. 
75 

m.  1 

Irregularity  infrequent. 

Rihl  gives  electrocardiograms  and  polygraphic  curves  which  are 
characteristic  of  the  condition.  The  auricular  curves  are  almost  identical 
Avith  those  seen  in  Fig.  29  of  this  paper.  The  P-B  intervals  are  similar.  The 
auricular  representative  commences  with  an  upstroke  in  leads  //  and  ///, 
and  are  not,  as  Rihl  states,  inverted.      T  is  clearly  visible  in  lead  /  only. 

To  sum  up,  the  case  was  one  in  which  tachycardia  had  probably  been 
present  for  four  months;  the  ventricular  rate  was  143-150;  the  auricular 
rate  was  286-300.  Digalen  reduced  the  ventricular  but  not  the  auricular 
rate  and  led  to  irregularity  and  slowing  of  the  pulse.  Atropine  abolished 
this  digitalis  effect.  Pressure  on  the  vagus  increased  it  but  did  not  alter  the 
auricular  rate. 

CASE  12.     (Rihl,9  CASE  2.)     A  widow  of  32  years  and  a  waitress. 

At  24  years  she  had  typhoid  and  pneumonia.  Two  years  later  her  knees  were  swollen. 
Palpitation  and  d\'spnoea,  especially  after  strenuous  exercise,  had  been  present  for  a  year  ;  for 
four  weeks  the  feet  had  been  swollen.  Tlie  apex  beat  lay  in  the  sixth  intersiiace  in  the  anterior 
axillary  line.  No  extension  of  dulness  could  be  found  to  the  right  of  the  sternum  ;  tlie  left  liorder 
lay  beyond  the  mid-clavicular  line.  A  conspicuous  thrill  was  felt  at  the  apex  and  two  murmurs 
were  heard.    The  urine  flow  was  not  free.    The  blood  pressure  lay  between  92  and  112  mm.  Hg. 


Polygraphic  curves  showed  an  auricular  rate  of  206-222.  The  ventricular 
rate  varied,  being  sometimes  half  the  auricular,  the  pulse  then  being  regular, 
or  sometimes  less,  the  pulse  being  then  usually  irregular.     Digitalis  gave 
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rise  to  ventricular  slowing  and  irregularity.  Vagal  pressure  increased  the 
block,  but  whether  the  heart  was  under  digitalis  at  the  time  is  uncertain. 
The  patient  was  under  observation  from  time  to  time  for  a  period  of  18 
months  and  the  fast  auricular  action  seems  to  have  been  present  during  the 
whole  of  this  period. 

CASE  13.     (Rihl,»  CASE  3.)     A  labourer  of  72  years. 

A  year  before  coming  under  observation  he  suddenly  became  afflicted  witli  palpitation  and 
developed  cough  and  swelling  of  the  legs.  The  sjTnptoms  disappeared  aftei-  a  long  stay  in  liospital. 
For  three  weeks  before  admission  he  had  had  the  same  sjTiaptoms. 

The  apex  beat  lay  in  the  sixth  space.  The  heart  dulness  was  considerablv  increased  to  tho 
left.     There  was  no  murmur.     The  blood  pressure  lay  between  H.l  and  200  mm.  Hg. 

The  case  was  examined  by  means  of  joolygrai^h  curves.  The  ventricular 
rate  was  half  the  auricular,  the  latter  being  between  200  and  214  per  minute, 
The  ventricular  responses  were  sometimes  slower  and  irregular.  Digitalis 
increased  the  grade  of  heart-block.  So  also  did  vagus  compression,  but  it  is 
not  clear  whether  the  heart  was  under  the  influence  of  digitalis  at  the  time. 
On  three  occasions  curves  were  taken  which  showed  what  seems  to  have  been 
fibrillation  of  the  auricles.  The  change  apparently  did  not  result  from 
digitalis  administration.     The  ventricular  rate  was  then  120  or  less. 

Three  cases  in  which  the  condition  tvas  not  recognised. 

CASE  14.  (Reported  by  Mackenzie,^  CASE  37  ;  the  curves  were 
fully  interpreted  by  the  writer  at  a  later  date.")  An  army  official,  aged  47, 
who  gave  no  history  of  past  illnesses. 

History  of  heart  condition.  For  eight  years  he  had  suffered  from  attacks  of  palpitation. 
For  three  years  they  were  not  accompanied  by  much  distress  ;  after  that  time  he  had  a  number 
of  attacks  and  had  to  rest.  After  an  interval  of  several  years  of  freedom  from  them  they  returned, 
and  when  seen  he  had  been  suffering  from  attacks  of  much  greater  severity,  accompanied  as  thej- 
were  by  great  exhaustion  and  prostration. 

Condition  on  May  the  3rd,  1910.  Cyanosis  and  orthopnoea  were  present.  The  pulse  was 
soft  and  regular,  the  rate  being  140  ;  the  blood  pressure  was  140  mm.  Hg.  The  heart's  dulness 
lay  0  and  4^  inches  to  the  light  and  left  of  the  mid -sternal  line.     There  were  no  murmurs. 

Progress.  For  five  weeks  the  ventricular  rate  was  maintained,  lying  usually  between  130 
and  150,  but  rising  on  occasion  to  a  rate  of  290  and  300.  On  July  the  22nd,  or  about  eleven 
weeks  after  admission,  the  pulse  remaining  rapid,  he  was  given  tincture  of  digitalis  in  doses  of 
20  minims  three  times  a  day.  Five  days  later  the  pulse  rate  dropped  to  55  and  the  ventricular 
action  became  very  irregular,  though  there  were  still  occasional  rapid  and  regular  paroxysms. 
On  the  28th,  periods  of  normal  rhjthm  and  irregular  heart  action  succeeded  each  other.  On 
this  day  the  digitalis  was  stopped  but  was  resumed  on  the  30th  and  continued  till  August  the  7th 
in  half  doses.  Irregular  action  was  present  from  the  2nd  till  the  lOtli  of  August.  From  August 
the  17th  to  the  24th,  normal  rhythm,  regular  tachycardia  and  iiregular  action  occurred  from  time 
to  time.  After  the  24th  the  regular  taehj'cardia  became  more  frecjuent  and  digitalis  was  again 
given  on  September  the  4th  in  do.ses  of  5  minims  three  times  a  day  and  later  10  minims  a  day. 
Under  this  regime  the  tachycardia  gradually  disappeared  ;   after  the  29th  it  war,  not  seen. 

Summary.  It  may  be  said  that  the  patient  suffered  from  attacks  of  a 
curious  form  of  regular  tachycardia,  which  gave  place  under  digitalis  to  a 
slow  irregular  action,  and  that  finally  the  normal  rhythm  was  restored,  the 
auricle  and  ventricle  beating  at  the  same  rates.  Electrocardiograms  taken 
during  the  periods  of  regular  tachycardia  showed  a  ventricular  rate  of  160 
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per  minute  and  an  auricular  action  of  320  per  minute.  The  auricular  curves 
were  very  similar  to  those  shown  in  Fig.  20  of  the  present  paper.  Each 
commenced  with  an  upstroke.  T  was  present  in  lead  /  only.  Electro- 
cardiograms taken  during  the  normal  periods  showed  similar  ventricular 
electric  complexes,  but  the  auricular  complexes  were  very  different  from 
those  of  the  period  of  flutter.  The  polygraphic  curves  published  of  the  slow 
irregular  action  indicate  the  probable  appearance  of  auricular  fibrillation 
from  time  to  time. 

CASE  15.  (Reported  by  Turnbull.^^)  A  retired  medical  practitioner 
aged  74. 

The  patient  gave  a  history  of  no  p^e^^ous  illness  ;  he  had  been  a  healthy  and  athletic  man  ; 
he  stated  that  he  awoke  one  morning  in  Januar\%  1910,  feeling  ill.  His  doctor  found  a  rapid 
ventricular  action,  and  advised  rest,  but  tlie  patient  continued  his  usual  occupations,  until 
increasing  breathlessness  compelled  him  to  lie  up.  The  regular  and  rapid  ventricular  action 
continued  for  four  months.  He  was  treated  with  digitalis,  20  minims  being  given  three  times  a  day. 
After  seven  days  treatment  a  change  was  noticed  in  the  heart  action  ;  it  became  slow  and  irregular 
(probably  as  a  result  of  increased  heart-block).  In  the  venous  curves,  taken  at  this  time,  certain 
additional  waves  the  meaning  of  which  was  obscure  at  that  time  (Fig.  1  and  2  of  the  original 
paper)  were  observed.  Later  the  regular  tachycardia  was  re-estal)lished.  Irregular  action  again 
appeared  and  strips  of  curve  (Fig.  7  of  the  original  paper)  showing  fibrillation  were  obtained. 
Eventually  the  normal  rhythm  was  restored.  Electrocardiograms  were  published  showing  the 
action  during  the  regular  and  fast  periods  and  also  of  the  restored  normal  rhythm.  I  may  add 
that  I  have  recently  taken  curves  from  the  same  subject  (.June,  19l2)  and  that  the  normal  rhythm 
has  been  maintained. 

If  Turnbull's  paper  is  referred  to  and  the  tracings  are  compared  Avith 
those  of  the  present  communication,  it  will  be  obvious  that  the  condition 
dealt  with  was  one  of  auricular  flutter.  In  the  original  paper,  I  interpret 
Fig.  1  a  and  b,  3  and  4  as  shoA^ing  periods  of  regular  ventricular  acceleration 
with  an  auricular  rate  which  is  exactly  double.  All  the  venous  waves  in 
Fig.  3  and  4  are  auricular.  The  irregular  periods  of  Fig.  1  a  and  b,  and 
Fig.  2  and  6,  are  I  think  undoubted  examples  of  irregular  response  to  an 
auricle  whose  regular  and  accelerated  beating  is  maintained.  This  new 
interpretation  entirely  accounts  for  the  additional  waves  in  the  venous 
curves  which  were  so  puzzling  to  TurnbuU.  Fig.  7  is  almost  certainly  an 
example  of  auricular  fibrillation. 

The  electrocardiograms  which  accompanied  the  report  could  not  be 
satisfactorily  interpreted  at  the  time,  but  I  think  that  now  the  interpretation 
is  clear.  I  reimblish  the  figure  as  Fig.  34  of  this  paper  and  have  rearranged 
the  figure  and  have  marked  the  outline  of  the  auricular  representatives  on 
the  curve.  They  are  of  similar  forms  to  those  shown  in  the  other  cases  now 
reported,  though  much  more  difficult  to  distinguish.  Thej  probably 
commence  in  upstrokes  as  in  the  other  cases. 

The  upstroke  of  the  auricular  beat  wliicli  commences  during  a  QRS 
phase,  almost  coincides  with  the  upstroke  of  S  in  leads  II  and  ///,  as  now- 
indicated  by  the  dotted  lines.  The  P  summits  of  the  normal  rhythm  were 
quite  dissimilar.  During  the  flutter  period,  T  is  present  in  lead  /.  but 
hardlv  discernible  in  leads  II  and   ///. 
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We  may  summarise  TurnbuH's  case  as  follows  : — The  patient  had  suffered 
from  a  condition  in  which  the  ventricle  beat  at  140-150  per  minute,  the  auricle 
at  280-300  per  minute,  for  four  months.  As  a  result  of  digitalis  administration 
a  further  and  irregular  grade  of  heart-block  was  established  ;  subsequently 
auricular  fibrillation  appeared,  and  eventually  the  normal  rhythm  was 
restored  and  has  been  maintained  for  two  years. 

CASE  16.*  (Reported  by  the  writer  in  conjunction  with  H.  G. 
Schleiter,^  CASE  1.)  A  cabinet  maker  of  28  years,  came  under  observation 
on  a  number  of  separate  occasions. 

Past  iUnrsses.  There  had  been  no  previous  illness,  except  measles  as  a  cliild  and  occasional 
colds. 

Historii  of  cardiac  condition  {November  the  llth,  1910).  The  first  attack  was  in  1908,  and 
from  that  time  on  he  was  snl)jeft  to  them  every  few  months.  The  attacks  were  accompanied  hy 
palpitation,  hreathlessness,  fainting,  fatigue,  salivation,  sweating,  sickness  and  great  prostration. 

Condition  between  attacks.  A  well-built  man  of  healthy  aspect.  The  cardiac  limits  were 
normal  to  percussion  :  there  was  a  short  systolic  thrill  and  niunmir,  otherwise  the  heart  sounds 
were  normal.  The  arteries  showed  a  little  thickening.  The  blood  pressure  lay  between  70  and 
120  mm.  Hg.     There  were  no  other  physical  signs. 

The  attacks,  a  number  of  which  were  closely  observed,  consisted  almost 
always  of  paroxysms  of  auricular  fibrillation.  On  one  occasion  a  paroxysm 
of  regular  tachycardia  of  twelve  hours  duration  was  observed.  A  similar 
mechanism  was  observed  on  a  second  occasion  at  the  end  of  a  paroxysm 
which  started  as  auricular  fibrillation  and  lasted  for  three  and  a  half  days. 
Electrocardiograms  of  the  three  states,  i.e.  normal  rhythm,  regular  tachy- 
cardia, and  auricular  fibrillation  were  published  in  the  original  account  of 
this  case.  The  interpretation  of  the  curves  showing  regular  tachycardia 
have  now  to  be  revised  in  the  light  of  more  recent  observations.  It  has 
become  apparent  that  though  the  interpretation  is  correct  in  so  far  as  it 
has  proceeded,  yet  an  additional  auricular  systole  has  passed  unnoticed  in 
each  ventricular  cycle.  I  republish  the  curve  as  Fig.  35  in  the  present 
paper.  The  auricular  action  is  especially  well  seen  in  the  third  lead.  As  a 
whole  the  auricular  curves,  which  have  been  dotted,  are  very  similar  to 
those  of  most  of  the  other  cases  of  the  series.  P  probably  commences  in  an 
upstroke.  The  P  summits  in  electrocardiograms  from  the  normal  periods 
were  quite  dissimilar.  T  was  visible  in  lead  /,  but  only  just  seen  in  lead  // 
and  absent  in  lead  ///.  The  ventricular  rate  is  approximately  140,  the 
auricular  rate  is  approximately  280.  This  case  is  especially  noteworthy 
because  the  "  flutter  "  of  the  auricle  was  transient  ;  because  the  auricular 
fibrillation  passed  into  "  flutter  "  and  because  it  ended  spontaneously. 
The  case  also  illustrates  the  difficulty  of  recognising  the  mechanism,  when 
the  ventricle  responds  to  each  second  auricular  beat  ;  the  interpretation 
was  impossible  until  other  cases  showing  4  :  1  periods  were  published. 

*  Since  these  pages  were  written  I  have  seen  a  report  by  Josue  and  Chevallier  (Bull.  e.  3Iem. 
d.  1  Soe.  m^d.  d.  Hop.,  Dec.  191 1.     It  was  probably  of  the  same  nature  as  those  here  described. 
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The  arterial  curves. 

A  full  description  of  the  arterial  curves  which  accompany  auricular 
flutter  is  desirable  ;  close  examination  of  them  often  enables  the  diagnosis 
of  the  condition,  and  in  all  cases  a  great  deal  may  be  learnt  from  them. 

I  base  the  statements  in  this  section  of  the  paper  upon  a  detailed 
analysis  of  a  very  large  collection  of  curves,  and  use  a  few  selected  curves  for 
illustration  of  the  chief  facts.  The  correctness  of  the  analysis  has  been 
substantiated  by  electrocardiograms  taken  from  the  same  case  and  usually 
upon  the  same  days  ;  on  a  number  of  occasions  simultaneous  arterial  and 
electrocardiographic  curves  have  been  taken. 

To  appreciate  fully  the  form  and  spacing  of  the  arterial  beats  it  is 
necessary  that  certain  facts  should  be  borne  in  mind. 

1.  High  rates  of  ventricular  action  are  often  accompanied,  where 
there  is  degeneration  of  the  nwocardium,  by  pulsus  alternans.  Alternation 
is  evident  in  the  arterial  curves  of  auricular  flutter  and  confuses  the  analy.sis. 

2.  The  strength  of  arterial  beats  is  materialh^  influenced  by  the  pauses 
which  precede  them.  This  is  a  statement  which  requires  Cjualification. 
When  we  deal  with  cases  of  partial  heart-block  in  which  the  auricular  rates 
are  normal  and  the  pulse  is  irregular,  it  is  customary  to  find  that  the  arterial 
beats  are  of  equal  heights.  All  the  pauses  are  of  sufficient  length  to  allow 
the  ventricular  contractions  to  be  of  maximal  efficiency.  It  so  happens  that 
when  we  study  the  arterial  curves  of  ordinary-  heart-block,  little  or  no 
variation  in  the  height  of  pulse  beats  is  perceived.  The  arterial  curves  of 
auricular  flutter,  on  the  other  hand,  conform  to  the  general  rule,  when  the 
responses  are  rapid.  Pulse  beats  which  follow  2  :  1  periods  are  almost 
always  weak.  They  resemble  extrasystoles.  We  might  modify  our  original 
formula,  and  embody  it  in  a  statement  which  is  generally  and  uniformly 
apphcable.  In  any  given  case,  pauses  of  less  than  a  given  interval  of 
time  are  followed  by  pulse  beats  which  are  relatively  weak,  and  the  weakness 
of  the  beats  is  evident,  be  the  cause  of  the  shortened  pauses  what  it  may. 

3.  The  heart-block  in  auricular  flutter  is  accompanied,  as  heart-block 
often  is,  by  considerable  variation  of  the  As-  Vs  intervals  ;  whereby  the 
expected  relation  between  the  lengths  of  long  and  short  cycles  is  modified. 
A  long  cvcle  is  succeeded  bv  a  shortened  conduction  interval ;  a  short  cycle 
by  a  lengthened  conduction  interval.  The  beat,  which  is  i^receded  by  a 
short  pause,  is  small,  as  I  have  said  ;  therefore,  the  small  beats  or  those  which 
are  least  effective,*  are  the  ones  before  which  a  long  As-  Vs  interval  may 
be  conjectured. 


*  In  speaking  of  less  effective  ventricular  contractions  I  wish  to  avoid  the  controversy  as  to 
whether  the  arterial  beat  is  weak  because  the  contractility  of  the  ventricle  is  smaller,  or  wliether, 
on  account  of  the  shorter  pause,  there  is  lessened  ventricular  filling.  I  speak  of  a  less  effecti%e 
ventricular  beat  siinplj-  in  the  sense  that  it  has  less  effect  on  the  arterial  pressure, 
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4.  The  arterial  pulse  beats  which  are  weak  often  have  a  relatively  long 
presphygmic  interval  ;  they  correspond  to  ventricular  contractions  which, 
as  I  have  said,  are  already  delayed.  The  delay  in  the  ventricle  is  exaggerated 
in  pulse  curves  and  is  consequently  considerable.* 

In  the  following  paragraphs  I  shall  refer  again  and  more  explicitly  to 
these  factors  in  describing  certain  forms  of  pulse  irregularity. 

In  auricular  flutter  the  pulse  rhythm  is  often  perfectly  regular  for  long 
periods.  This  occurs,  as  in  Jolly  and  Ritchie's  case,  when  complete  heart- 
block  is  present.  The  pulse  is  then  slow.  It  also  occurs,  and  far  more 
commonl}',  when  there  is  a  uniform  grade  of  partial  heart-block.  If  the 
ventricle  responds  to  each  fourth  auricular  contraction,  and  the  auricular 
rate  is  from  240  to  300  per  minute,  then  the  ventricle  is  beating  regularly 
and  has  a  rate  of  from  60  to  75  per  minute  (see  Fig.  11  and  12).  When  a 
patient  who  is  in  this  state  is  examined  by  ordinary  methods,  the  true 
condition  of  the  heart  will  always  pass  unnoticed.  But  the  condition  is  an 
unstable  one,  and  it  may  be  suspected  or  recognised,  because  with  exercise 
the  pulse  becomes  either  very  irregular,  or  because  it  shows  exact  doubling 
of  rate.  The  irregularity  or  doubling  is  due  to  a  decrease  of  the  block.  The 
pulse  becomes  irregular  when  the  4  :  1  periods  are  mixed  Avith  2  :  1  periods. 
Doubling  occurs  when  a  4  :  1  ratio  gives  place  to  a  2  :  1  ratio.  If  the  ventricle 
beats  in  response  to  each  second  auricular  contraction,  it  beats  regularly  and 
its  rate  is  from  120  to  150  (see  Fig.  8  and  0),  When  the  rate  is  so  fast  it 
often  happens  that  alternation  is  present,  and  this  is  especially  the  case 
when  a  2  :  1  rhythm f  follows  a  long  pulse  pause  (Fig.  6). 

The  most  confusing  curves  are  those  in  which  the  responses  to  auricular 
systoles  occur  irreguhirh/.  We  may  commence  by  considering  relatively 
simple  examples.  Fig.  3  shows  a  period  of  4  :  1  heart-block,  interrupted 
by  a  single  period  in  which  there  is  a  2:1  ratio.  I  have  marked  with  an 
asterisk  the  beat  which  occurs  too  early.  The  cycle  which  precedes  it 
corresponds  to  two  auricular  systoles,  that  which  succeeds  it  to  four.  Yet 
the  latter  is  shorter  than  the  regular  4  :  1  periods  ;  and  this  helps  to 
distinguish  the  beat  from  a  true  premature  contraction  or  extrasystole. 
The  disturbance  is  known  to  result  from  heart-block  because  the  bracketed 
stretches  of  curve  are  exactly  equal.  The  two  shorter  cycles  are  exactly 
equal  to  H  cycles  of  the  regular  rhythm  ;  each  of  the  bracketed  stretches 
corresponds  to  six  auricular  systoles.  The  2  :  1  period  of  the  disturbed 
stretch  is  shorter  than  might  be  expected,  and  the  4  :  1  period  of  the  same 
stretch  is  longer  than  might  be  expected,  because  the  weak  pulse  beat  is 
delayed  ;  and  it  is  delayed  because  the  corresponding  As-  Vs  interval  is 
relatively  long. 

*  Rihl  has  also  referred  to  these   changes  at  intervals.     Thev  are   specially  well  seen   in 
Fig.  30  and  37. 

t  In  the  accompanying  figures,  the  actual  ratio  of  the  auricular  to  ventricular  rate  is  marked 
above  the  individual  pulse  beats. 
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Fig.  1-4.  Four  arterial  cnrves  from  oases  of  auricular  flutter.  They  are  published  to  show  the  methods 
adoptetl  in  analyses  of  these  curves.  The  niuuber  of  auricular  cycles  to  the  ventricular  cycle  is 
marked  above  tlie  respective  pulse  beat.  The  bracketed  portions  of  any  single  curve  are  of  equal 
length  ;  the  number  of  auricular  .systoles  corresponding  to  the  beats  included  in  a  bracket  is 
marked  on  the  bracket. 
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Fig.  5  and  fi.  Two  polygraphic  tracings  showing  arterial  and  venous  curves,  taken  while  the  auricles 
were  fluttering,  they  are  published  to  show  the  methods  of  analysis  as  applied  to  arterial 
curves,  and  the  general  form  of  the  venous  curves. 
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Fig.  7.  An  arterial  curve  from  a  case  of  flutter.  The  [fiilse  ii;  very  irregular  and  bears  a 
superficial  resemblance  to  that  of  auricular  fibrillation.  Note  the  presence  of  alternation. 
An  explanatory'  diagram,  in  which  the  relations  of  auricular  contractions  and  radial  upstrokes 
are  illustrated  approximately',  accompanies  this  figure. 


Fig.  4  shows  the  passage  of  a  4  :  1  period  into  a  2  :  1  jJciiod.  Again 
the  bracketed  stretches  are  exactly  ec{ual ;  one  corresi3onds  to  two  4  :  1 
cycles,  the  other  to  four  2  :  1  cycles.  It  should  be  especially  noticed  that  I 
have  avoided  the  actual  point  of  change  in  placing  the  brackets  ;  and  I  have 
done  so  for  the  following  reason.  Bracketed  stretches  can  be  legitimately 
compared,  only  ivhen  the  points  of  each  single  bracket  coincide  with  similar 
vj)strokes.  That  is  to  say,  the  beats  at  the  points  of  a  given  bracket  must  be 
preceded  by  equal  pauses  ;  this  is  essential  in  all  such  measurements, 
otherwise  the  pulse  beats  in  C[uestion  will  not  have  been  equally  delayed 
(bundle  conduction  and  j^resphygmic  interval  will  have  been  variable)  and 
they  cannot  be  taken  as  indices  of  the  intervals  which  separate  the 
corresponding  auricular  systoles.  The  first  2  :  1  cycle  in  Fig.  4  is  longer 
than  the  rest  ;  it  is  a  strong  beat  and  the  auricular  systole  which  was  the 
cause  of  it  took  place  at  a  shorter  interval  before  it,  than  was  the  case  with 
the  succeeding  beats.  The  last  were  all  delayed  in  their  appearance. 
Considering  this  first  cycle  of  the  faster  rhythm,  we  have  the  choice  of 
marking  it  as  a  2  :  1  or  a  3  :  1  cycle.  Comparing  it  with  the  evident  2  :  1 
cycles,  it  is  shorter  than  1-|  of  these  and  longer  than  one  of  them.  That 
a  2  :  1  cycle  in  this  position  would  be  relatively  long  is  to  be  anticipated 
for  the  reasons  stated,  that  a  3  :  1  cycle  in  this  position  should  be  relatively 
short  is  opposed  to  experience.  Consequently,  in  the  analysis  of  the  remaining 
curves,  when  a  cycle  is  longer  than  the  calculated  duration  of  x  number  of 
auricular  cycles,  such  a  cycle  is  marked  x  or  a;  +  1  according  to  whether  a 
long  or  a  short  cycle,  respectively,  precedes  it.  In  adopting  this  system, 
I  am  merely  following  the  well  know  n  rules  of  pulse  analysis.  That  the  rule 
is  sound  will  be  evident  from  a  consideration  of  Fig.  2.  Here  I  have 
marked  the  cycles  according  to  this  system  where  a  stretch  of  a  2  :  1  ratio 
passes  into  an  irregular  stretch.  If  the  cycles  have  been  correctly  marked, 
then  the  first  seven  cycles  of  2  :  1  heart-block,  which  are  bracketed,  should 
be  exactly  equivalent  to  the  next  five  cycles  of  the  irregular  period,  which 
are  also  bracketed  ;  for  each  bracketed  stretch  should  correspond  to 
fourteen  auricular  cycles.     Such  is  actually  found  to  be  the  case. 
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Fig.  8-13.     Six   pol3'graphic  curves,  showing  the   types   of   venous  tracings  which  accompany 
auricular  flutter. 
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Similar  analyses  are  shown  in  Fig.  7,  13,  14  and  10,  but  in  these  hgures 
the  pictures  are  further  complicated  by  the  presence  of  conspicuous  alter- 
nation ;  and  in  Fig.  13,  certain  of  the  beats  are  so  weak  that  they  barely 
affect  the  arterial  curve  ;  also  the  increased  delay  in  certain  beats  of  this 
figure  is  exceptional. 

One  of  the  chief  reasons  why  the  arterial  curves  accompanying  auricular 
flutter  should  be  thoroughly  comprehended,  is  their  possible  confusion  with 
the  curves  of  auricular  fibrillation.  I  have  already  indicated  the  manner 
in  which  they  may  be  distinguished.  The  longer  curves  of  Fig.  14,  16  and  17 
illustrate  this  point  especially.  A  cursory  examination  might  easily  lead 
to  an  erroneous  conclusion.  In  Fig.  14,  three  equal  stretches  are  bracketed. 
These  are  stretches  of  some  length  and  the  arrangement  of  the  beats  within 
them  is  variable.  The  pulse  beats  show  groupings  ;  batches  of  three  and 
four  occur.  The  curve  may  be  split  into  shorter  stretches.  There  are  two 
groups  of  four  beats  which  are  equal  in  length,  and  there  are  three  groups 
of  three  which  are  equal.  Moreover  the  two  groups  of  four  beats  are 
arranged  in  an  exactly  similar  manner,  as  are  also  the  three  groups  of  three 
beats.  This  is  a  phenomenon  which  is  never  seen  in  auricular  fibrillation, 
a  fact  which  I  have  emphasised  in  my  book.*  In  Fig.  16,  two  stretches,  each 
corresponding  to  twenty-four  auricular  cycles,  have  been  bracketed.  The 
stretch  to  the  right  may  be  subdivided  into  two,  each  equivalent  to  twelve 
auricular  cycles  ;  there  are  also  three  stretches  exactly  equivalent  to  six 
auricular  cycles  ;  three  exactly  equivalent  to  eight  ;  and  three  exactly 
equivalent  to  ten,  in  this  single  curve. 

In  Fig.  18,  similar  analysis  shows  the  presence  of  mixed  4:1,  6:1 
and  8  :  1  periods  ;  an  analysis  which  is  substantiated  by  the  corresponding 
venous  tracing. 

So  far  I  have  dealt  with  the  analysis  of  periods  in  which  the  ratio  of 
auricular  to  ventricular  contraction  is  as  2  :  1  or  as  simple  multiples,  i.e. 
4  :  1,6:  1  and  8:1.  In  such  curves,  and  in  the  absence  of  electrocardiograms, 
the  full  analysis  is  impossible,  for  the  periods  might  be  interpreted  with 
perhaps  almost  equal  justification  as  1  :  1  periods,  and  the  simple  multiples, 
i.e.  2:1,  3:1  and  4  :  1,  on  the  assumption  that  the  auricular  rates  are 
120-150  and  not  240-300.  We  now  come  to  the  less  frequent  arterial  curves, 
which  by  themselves  disclose  the  true  auricular  rate.  They  are  curves  in 
which  cycles  occur  which  are  exactly  intermediate  between  certain  of  those 
already  considered.  If  our  choice  lies  between  the  interpretation  of  a 
mechanism  as  consisting  chiefly  of  : — 

2  :  1  and  4  :  1  periods  or 
1  :  1  and  2  :  1  periods, 

then  the  appearance  of  a  cycle  of  intermediate  length  may  be  of  great  value. 
Fig.  1  shows  the  interruption  of  2  :  1  heart-block  by  an  exceptionally  long 
interval.  It  is  almost  exactly  equal  to  two  cycles  of  the  faster  rhythm  ; 
but  it  is  not  a  4  :  1  period  ;    were  that  the  case  its  length  would  be  less,  for 
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the  large  beat  which  succeeds  it  should  have  a  short  As-  Vs  interval.     It  is 

in  reahty  a  5  :  1  period  ;  it  is  longer  than  the  4  :  1  periods  of  Fig.  14,  which  is 

from  the  same  case.     This  analysis  is  completely  justified  by  measurement 

of  a  stretch  of  curve  taking  in  the  whole  disturbance.     I  have  marked  two 

ec^ual  stretches  of  curve  ;    the  first  contains  six  cycles  of  equal  length  ;    the 

last  contains  one  long  cycle,  and  three  and  a  half  shorter  cycles.     If  we 

adopt  a  simple  analysis,  and  call  the  shorter  cycles  1  :  1  periods,  it  is  necessary 

to  assume  that,  over  the  period  of  irregularity,  the  auricular  rhythm  has  been 

disturbed,  and  disturbed  in  a  pecuHar  manner  ;    somewhere  an  auricular 

cycle  has  been  curtailed  by  exactly  one  half.     The  possibihty  of  such  a 

coincidence  cannot   be  allowed.     On  the   other  hand,   the  whole  curve  is 

fully  explained  if  we  assume  the  higher  ratio.     In  a  series  of  auricular  beats 

which  might    be    labelled  successively  a  and  b,  the  respon.ses  before  the 

disturbance  are  to  a,  the  responses  after  the  disturbance  are  to  b.     A  parallel 

example  is  shown  in  Fig.  6. 

From  time  to  time,  it  happens  that  two  of  these  odd  ratios  lie  close 
together  so  that  two  may  be  taken  into  a  single  bracketed  stretch.  Fig.  17 
is  an  example  of  tliis  kind.  Two  stretches  are  bracketed  in  this  figure  ; 
each  corresponds  to  sixteen  auricular  cycles.  The  second  stretch  is  built 
up  of  even  ratios,  represented  by  2  :  1  and  4  :  1  periods.  The  first  stretch 
is  built  up  of  2  :  1  and  4  :  1  ratios  and.  in  addition,  two  odd  ratios,  re- 
presented bj"  a  3  :  1  and  5  :  1  period,  are  interposed. 

Thus  it  is  evident  that  from  time  to  time,  where  no  1  :  1  periods  occur, 
full  knowledge  of  the  auricular  rate  may  be  obtained  from  a  detailed  analysis 
of  arterial  curves  alone. 


The  venous  curves. 

The  venous  curves,  when  the  auricles  contract  at  extreme  rates,  are 
very  varied  in  form,  and  the  variability  mainly  results  from  the  different 
degrees  of  heart-block  which  may  be  present.  AMiere  the  heart-block  is  of 
high  grade,  be  it  complete  or  partial,  as  in  Hertz  and  Goodhart's  case  or  in 
Jolly  and  Ritchie's  patient,  and  the  ventricular  rate  is  slow,  the  auricular 
waves  may  be  distinct  or  even  prominent.*  When  the  ventricular  action  is 
fast,  the  auricular  waves  are  usualh'  indistinct  or  almost  absent. 

It  is  necessary  that  the  forms  of  venous  curves  which  accompany 
auricular  flutter  should  be  borne  in  mind,  for  not  only  are  these  curves  often  but 
imperfect  guides  to  the  identification  of  the  condition,  but  they  may  actually 
mislead.  This  is  especially  so  when  patients  first  come  under  observation, 
for  at  such  times  the  ventricular  action  is  usually  rapid.  The  auricular 
beats  are  close  together,  and  the  period  of  auricular  diastole  is  of  the  shortest  ; 
the  ventricular  sj^stoles  are  also  close  set  ;    consequently,  when  a  2  :  1  ratio 

"  -As  a  general  rule  too  the  auricular  waves  are  more  prominent  as  the  rate  of  contraction 
is   lower. 


204  THOMAS    LEWIS. 

is  present,   each  auricular  contraction  falls  partly  within    the    period   of 
ventricular  systole.     In  all  probability  there  is  considerable  engorgement 
of  the  auricle  as  a  result  ;  the  weakness  of  its  systole  is  thus  readily  accounted 
for.     Whatever  the  explanation,  the  fact  remains  that  when  a  regular  2  :  1 
ratio  is  present,  the  venous  curve  usually  consists  simply  of  rapid  and  small 
undulations  in  which  it  is  difficult ,  nay  often  impossible,  to  identify  the 
expected   waves   with  certainty.     Examples   of  curves   of  this  nature   are 
seen  in  Fig.  5,  6,  8  and  9.     When  a  regular  4  :  1  ratio  is  present,  the  a  waves 
may  be  clear  only  towards  the  ends  of  the  diastolic  periods,  as  in  Fig.  12. 
In  rare  instances  of  4 :  1  or  even  a  smaller  ratio  {i.e.  3  :  1  or  2  :  1)  they  may  be 
distinct    throughout  (see  Fig.   10  and  the  curves  of  Turnbull's  and  Rihl's 
cases).     Sometimes  the  phlebograms  are  of  such  a  form  that    they    are 
readily  misinterpreted  ;   in  Fig.  11,  I  have  marked  what  would  appear  as  the 
obvious  interpretation  to  the  left  (a,  c  and  v)  ;    electrocardiograms  taken  on 
the  same  day  demonstrated  the  correctness  of  the  second  interpretation, 
which  is  seen  to  the  right  of  the  figure  ;    the  curve  was  taken  while  4  :  1 
heart-block   was   present.     When   long   pauses    occur   between   ventricular 
beats,  signs  of  the  auricular  beats  are  sure  to  occur  from  time  to  time,  as  in 
Fig.  5  and  6  ;    usually  they  are  more  evident  than  these  figures  suggest  ; 
thus  in  Fig.  18,  they  are  perfectly  clear,  and  especially  so  towards  the  ends 
of  diastoles.     Each  venous  wave  in  Fig.  18  may  be  taken  to  represent  an 
auricular  contraction  ;   the  least  distinct  is  that  which  falls  at  the  commence- 
ment of  diastole. 

General  features  of  the  electrocardiograms. 

The  electrocardiograms  have  been  described  already  in  illustrating  the 
mechanisms  presented  by  the  separate  patients  of  the  series.  It  remains 
only  to  note  certain  features  which  are  almost  common  to  the  curves  of 
flutter  and  briefly  to  discuss  these  features. 

The  portions  of  the  electrocardiograms  which  represent  the  auricular 
activity  are  peculiar  in  more  respects  than  one.  If  we  except  the 
curves  shown  in  Fig.  33,  where  the  auricular  rate  is  relatively  slow,  the 
auricular  complexes  in  leads  //  and  ///  are  always  contiguous  ;  that  is  to 
say,  the  separate  electric  complexes  are  so  close  together  that  the  end  of  one 
marks  the  beginning  of  the  next.  The  string  is  in  constant  motion  ;  there 
are  no  isoelectric  stretches  dividing  one  auricular  electric  cycle  from  the  next. 
That  the  whole  electric  cycle  corresponds  to  auricular  systole  is  not  possible, 
for  if  that  were  the  case  diastole  would  not  be  represented.  It  might  be 
argued  that  diastole  is  so  short  that  the  isoelectric  line,  which  we  expect,  is 
inappreciable  and  escapes  observation.  But  this  possibility  may  be  excluded. 
The  normal  length  of  P  is  decidedly  less  than  -20  sec.  ;  and  if  the  auricular 
rate  is  fast  P  is  shorter  than  this.  If  we  measure  the  length  of  an  auricular 
cycle  in  Fig.  31  we  find  it  of  approximately  -22  sec.  duration,  despite  the 
extreme  rate  of  auricular  contraction  shown  by  the  figure.     The  length  of  an 
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auricular  electric  cycle  in  flutter  is  inversely  and  exactly  proportional  to  the 
rate.  Thus,  if  the  rates  are  300  and  270,  then  the  lengths  of  the  individual 
cycles  are  tjVo  and  ttVo-  It  follows  that  during  auricular  diastole  electric 
potential  is  developed  in  the  auricle.  This  observation  is  not  an  isolated  one. 
The  same  fact  has  been  noticed  for  the  ventricle,  when  its  movements  are 
extremely  rapid  (see  Levy  and  Lewis^).  That  jootentials  are  developed  in 
diastole  has  also  been  shown  for  a  slowh'  beating  ventricle.  The  U  wave, 
originally  described  by  Einthoven,  lies  in  diastole.^  Athough  the  electric 
curves  may  indicate  the  onset  of  auricular  systole  in  flutter,  they  are  but 
imperfect  guides  to  the  onset  of  diastole.  It  seems  probable  that,  both  in 
the  case  of  the  auricle  and  of  the  ventricle,  chemical  processes  which  occur  in 
diastole  are  responsible  for  the  string  deflections.  And  as  these  diastolic 
deflections  are  always  related  to  the  commencement  of  diastoles,  it  seems 
natural  to  ascribe  them  to  the  more  rapid  reparatory  metabolism  which  may 
be  a.ssumed  to  attend  these  f)hases  of  the  cardiac  cycles. 

The  auricular  complexes  in  auricular  flutter  are  remarkable  for  their 
constancy  of  form  from  case  to  case.  Except  again  Fig.  33,  and  so  far  as 
curves  have  been  published,  the  follo^Wng  statements  are  universally 
applicable.  P  in  lead  /  is  either  a  small  and  pointed  summit,  or  is  so 
insignificant  that  it  cannot  be  found.  P  in  lead  //  and  III  runs  on  either 
side  into  the  adjacent  complexes,  so  that  a  series  of  such  complexes  form  a 
continuous  wavy  or  zig-zag  line  ;  the  auricular  complex  is  found  to  be  almost 
if  not  quite  a  purely  convex  summit  wherever  its  onset  can  be  defined. 

The  resemblance  in  shape  and  amphtude  between  auricular  cycles  from 
case  to  case  is  often  so  close  that  it  suggests  a  distinct  and  special  auricular 
mechanism.  I  draw  particular  attention  to  the  forms  of  the  complexes  in  Fig. 
20,  29,  31,  32,  34  and  35,  each  figure  being  from  a  separate  case.  In  all  these 
the  outlines  are  practically  identical.  There  is  a  relatively  abrupt  upstroke 
and  a  relatively  more  inclined  downstroke.  The  curves  of  CASE  8  are  so 
similar  to  those  of  this  series  that  it  is  unnecessary  to  publish  them.  The 
published  curves  of  CASES  10,  11  and  14  were  of  the  same  form.  Speaking 
of  the  curves  of  13  cases  in  which  electrocardiograms  have  been  obtained, 
they  conform  to  this  type  in  no  less  than  ten  instances.  If  we  compare  the 
complexes  in  Fig.  28  and  20.  it  will  be  seen  that  the  usual  type  is  more 
distinctly  assumed  when  the  heart-block  is  of  higher  grade.  Of  the  three 
remaining  cases  out  of  the  thirteen,  one  {CASE  5)  showed  the  usual  type  of 
complex  during  4  :  1  heart-block  stage  ;  thus  leaving  two  real  exceptions 
{CASES  1  and  6  of  the  present  series).  In  one  of  these  {CASE  6)  the  auricular 
rate  was  relatively  slow  :  in  the  other  {CASE  2,  Fig.  24)  the  divergence  of 
type  is  not  great. 

It  seems  jirobable  to  me  that  this  resemblance  may  largely  result  from 
the  extreme  auricular  activity.  The  contiguity  of  separate  auricular  cycles 
is  certainly  to  be  assigned  to  this  cause  :  if  the  further  resemblances  arise 
in  similar  fashion,  then  it  should  be  capable  of  experimental  proof.  It  is  at 
least  remarkable  that  in  the  single  case  where  no  resemblance  can  be  traced 
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(Fig.  33)  the  auricular  rate  is  decidedly  less  than  in  the  remainder,  namely 
228.  In  CASE  5,  the  lowest  auricular  rate  recorded  electrocardiographically 
was  256,  and  of  the  curves  for  this  day  it  may  almost  be  said  that  contiguity 
is  broken.  It  seems,  therefore,  that  if  contiguity  is  the  result  of  great 
acceleration,  such  contiguity  is  fully  established  when  the  rate  reaches  260 
or  surpasses  it. 


The  acceleration  of  the  auricles. 

The  lowest  rate  of  auricular  contraction  in  the  series  of  collected  cases 
^Yas  200,  the  highest  rate  330.  A  number  of  the  cases  have  developed  rates 
equal  to  or  exceeding  300  {CASES  1,  3,  5,  6,  10,  11,  14  and  15).  A  notable 
quality  of  these  accelerations  is  their  relative  constancy  under  different 
conditions.  In  CASE  1,  the  rate  varied  between  312  and  324  ;  in  CASE  2, 
between  266  and  289  ;  in  CASE  3,  between  264  and  324  ;  in  CASE  4, 
between  260  and  278  ;  in  CASE  5,  from  244  to  300.  And  these  counts  are 
of  rates  found  over  long  periods  of  time  and  under  very  varying  circumstances. 
From  day  to  day  the  correspondence  of  rate  is  often  remarkable  (see 
esj)ecially  CASES  4,  3  and  5).  The  changes  of  rate  with  posture  are  almost 
negligible  ;  in  CASES  2  and  3  pulse  counts  were  taken  and  no  differences 
were  noted.  In  CASES  4  and  5  counts  were  made  from  pulse  curves  ;  the 
ventricular  rate  was  less  than  three  beats  faster  per  minute  in  the  standing 
position  in  one  case,  and  no  constant  differences  could  be  found  in  the  other.* 

In  two  of  my  patients,  electrocardiographic  records  were  often  taken 
shortly  after  they  came  to  the  school  ;  they  walked  some  distance  ;  other 
records  were  taken  after  they  had  rested.  In  none  of  the  records  taken  on 
any  one  day  can  an  appreciable  change  in  auricular  rate  be  found.  In  two 
patients  {CASES  4  and  5)  continuous  records  of  the  pulse  (during  periods 
of  2  :  1  ratio)  were  taken,  commencing  directly  after  exercise  ;  little  or  no 
change  of  rate  could  be  detected.  In  three  patients  in  which  counts  could 
be  made,  pressure  upon  the  vagus,  sufficiently  strong  to  stop  the  ventricle 
for  periods  of  several  seconds,  had  absolutely  no  effect  on  the  auricular  rate. 
Rihl  noticed  the  same  fact.  The  fast  rhythm  appears  to  be  almost  unin- 
fluenced by  conditions  which  materially  change  the  rate  of  the  normal  pulse. 
I  have  repeatedly  noted  the  same  stability  of  rate  in  cases  of  paroxysmal 
tachycardia  of  lower  grade,  and  have  spoken  of  it  in  previous  papers.  Rihl 
has  also  been  impressed  by  it  in  flutter,  and  has  concluded  from  this 
observation  that  the  acceleration  is  due  to  over-action  of  the  sympathetic, 
while  the  vagus  influence  is  entirely  in  abeyance.  But  this  view  is  one  which, 
it  seems  to  me,  has  insufficient  facts  to  support  it ;  and  my  behef  is  dictated 
by  the  following  arguments. 


In  all  cases  the  observations  were  made  during  periods  of  2  ;  1  ratios. 
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It  is  necessary  to  bear  in  mind  that  we  are  dealing  w  itli  a  heart  action 
•v\  hich  is  very  probably  ectopic  in  nature  ;  it  may  not  be  derived  from  the 
normal  pacemaker.*  The  reason  for  regarding  the  rhythms  as  ectopic  is 
that  the  auricular  complexes  of  the  flutter  period  ditfer  so  essentially  from 
those  of  the  normal  period  ;  the  comparison  can  be  made  in  the  curves  of  my 
first  article  {CASE  5),  It  may  also  be  made  in  the  ciu'ves  of  CASES  1,  2, 
14,  15  and  16.  When  my  first  article  was  written,  I  was  more  definitely 
of  opinion  that  the  new  rhythms  of  flutter  are  ectopic,  and  for  the  reason 
which  influenced  Rihl.  The  auricular  complexes  were  read  as  inverted 
complexes.  Further  examination  of  a  more  extended  series  of  curves  shows 
that  this  is  almost  certainly  not  the  case.  The  divergence  from  the  normal 
is  therefore  actually  less  than  it  was  considered  to  be  ;  nevertheless  it  is 
considerable.  Whether  it  can  be  ascribed  wholly  to  change  of  rate  remains 
to  be  proved  ;  but  I  think  that  change  of  rate  is  not  the  sole  reason,  after 
comparing  the  complexes  of  the  flutter  and  of  premature  beats  in  the  same 
case  {CASE  5)  ;  the  latter  are  midoubtedly  ectopic  and  are  not  dissimilar 
to  the  complexes  of  the  flutter. 

So  long  as  we  are  in  doubt,  the  possibihty  that  the  rhythms  are  ectopic 
remains  and  should  be  taken  into  account,  and  this  more  especially  because, 
if  ectopic,  the  special  nerve  relations  can  be  explained.  Tachycardias  of 
lesser  rate  show  the  same  failure  of  reaction  to  nerve  influences,  as  I  have 
jiointed  out.  If  one  class  (flutter)  is  to  be  explained  by  overaction  of  the 
sympathetics,  so  also  must  the  other,  if  Rihl's  arguments  are  permitted. 
These  slo^\er  tachycardias  can  often  be  demonstrated  beyond  doubt  to  be 
ectopic.  In  the  slower  tachycardias  of  auricular  origin  the  absence  of 
nervous  control  may  be  ascribed  to  the  altered  anatomical  relation  between 
nerves  and  pacemaker.  We  are  not  justified  in  assuming  anything  in  regard 
to  the  innervation  of  new  centres  of  impulse  formation  until  more  experi- 
mental facts  have  been  obtained.  I  am  aware  that  in  certain  experiments, 
notablv  those  of  Rothberger  and  Winterberg.  in  which  the  auricles  were  under 
the  influence  of  jjoisons  (BaCl,,  &c.)  sympathetic  stimulation  led,  not  only 
to  a  dislocation  of  rhvthm,  but  also  to  acceleration  of  it.  It  remains  to  be 
shown  that  the  conditions  are  comparable  to  those  now  studied.  At  all 
events,  because  the  heart  rate  is  greatly  accelerated  it  does  not  foUow 
that  the  sympathetic  nerves  are  in  any  way  to  blame.  Extreme  accelerations 
of  the  ventricle  may  be  induced  by  hgation  of  a  coronary  artery  or  a  small 
branch  of  such  a  vessel ;  and  such  tachycardias  are  evidently  the  result  of 
nutritional  disturbances  of  intracardiac  origin  ;  they  have  nothing  to  do 
with  the  extrinsic  cardiac  nerves.  It  may  be  that  in  many  instances  of 
tachycardia  the  nerves  of  the  heart  ultimately  provoke  the  new  rhythm  ; 
such  a  statement  cannot  be  denied  ;  neither  in  the  present  state  of  our 
knowledge  can  it  be  iustlv  afiirmed.  We  know  that  in  the  normal  heart, 
new  and  rapid  rhythms  cannot  be  provoked  by  such  stimulation.     It  is 

*  liihl  recognised  this  possibility,  but  liis  roasoiis  lor  a  conclusion  to  tliis  etieet  are  not 
convincing,  neither,  if  it  be  true,  doos  he  appreciate  its  full  siguilicance. 
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necessary  that  the  organ  should  be  brought  first  into  a  curiously  sensitive 
condition,  whether  by  the  injection  of  adrenalin,  the  chlorides  of  barium  or 
calcium  or  by  chloroform  or  perhaps  by  simultaneous  vagal  stimulation, 
before  sympathetic  excitation  is  successful.  The  question  is  an  important 
one,  for  so  long  as  we  accept  the  view,  adopted  as  I  think  prematurely  by 
Rihl,  so  long  shall  we  look  for  the  cause  of  the  whole  disturbances  in  the 
central  nervous  system  ;  whereas  it  seems  to  me,  our  first  endeavour  should 
be  the  exclusion,  at  all  events,  of  a  primary  cardiac  defect.  There  are  clear 
connecting  links  between  these  extreme  accelerations  and  premature 
contractions  and  slower  tachycardias  on  the  one  hand,  and  fibrillation  of  the 
auricles  on  the  other.  These  disturbances  are  associated  in  most  instances 
A\ith  distinct  evidences  of  cardiac  lesions  ;  and  there  is  every  reason  to 
believe  that  the  extreme  accelerations  \\  ith  \\  hich  we  are  now  dealing  are  of 
similar  origin.  All  appear  to  be  part  and  parcel  of  the  same  jjrocess,  namely, 
heterogenetic*  impulse  formation  in  the  heart.  It  is  clear  that  such  impulse 
formation  can  result  apart  from  all  nerve  influences  {i.e.,  in  obstruction  of  an 
artery)  ;  it  is  by  no  means  so  clear  that  it  can  result  from  morbid  nerve 
influences  playing  upon  a  perfectly  healthy  organ. 

The  response  of  the  ventricle. 

Patients  in  a\  hom  there  is  an  auricular  action  exceeding  200  per  minute 
usually  present  a  slower  ventricular  rate,  as  illustrated  by  the  present  series 
of  cases.  Of  the  sixteen  cases  in  which  graphic  records  of  auricular  flutter 
have  been  obtained,  all  have  shown  heart-block  from  time  to  time  and  it 
has  been  either  constant  or  present  on  most  occasions  ;  the  lowest  grade  of 
block  has  usually  been  a  2  :  1  ratio,  or  response  of  the  ventricle  to  each 
second  auricular  impulse.  It  is  in  this  condition  that  the  patients  usually 
come  under  observation  for  the  first  time.  That  lower  rates  may  occur 
M"liile  no  drugs  are  being  administered  ^\ill  be  evident  from  Jolly  and 
Ritchie's  report  {CASE  10),  in  which  comijlete-heart  block  was  present  both 
before  and  after  the  onset  of  the  fiutter  ;  and  also,  though  less  clearly,  from 
Hertz  and  Goodhart's  case,^^  for  here  the  responses  were  at  wide  intervals  ; 
but  this  case  was  comphcated  by  the  presence  of  premature  ventricular 
contractions.  When  the  ventricle  is  beating  at  half  the  rate  of  the  auricle, 
and  the  latter  contracts  300  times  in  the  minute,  it  mav  be  asked  whether 
the  tissues  joining  auricle  and  ventricle  are  functionally  defective  ?  This 
question  ai)pears  to  be  answered  by  the  occasional  occurrence  of  a  1:1 
response  in  the  same  cases  ;  rates  of  290  and  300  were  reached  by  the 
ventricle  and  Avere  recorded  by  Mackenzie  {CASE  14),  and  it  is  more  than 
probable  that  1  :  1  response  occurred  from  time  to  time  in  CASE  6.  It  may 
be  concluded  that  the  junctional  tissues  can  conduct  impulses  which  succeed 
each  other  at  this  rate  and  that  the  ventricle  can  respond  to  them.  When 
2  :  1  heart-block  is  seen,  it  may  be  said  therefore  that  there  is  a  primary 

*  This  term  Iias  been  tally  described  iu  my  bouk  "  The  Mechanism  ol  the  Heart  Beat." 
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deficiency  of  conduction,  but  this  deficiency  is  probably  slight,  for  acceleration 
of  the  auricle  tends  to  exaggerate  the  degree  of  heart-block,  as  has  been 
clearly  slio^n  experimentally. 

While  discussing  the  electrocardiograms,  it  was  pointed  out  that  the 
auricular  representatives  are  as  a  rule  convex.  The  P  summits,  which  are 
contiguous,  commence  in  upstrokes,  a  fact  which  was  deduced  from  their 
form  in  lead  7.  If  we  measure  the  length  of  the  P-B  interval  in  this  lead 
in  Fig.  28,  it  is  found  that  it  amounts  at  the  most  to  -1  sec.  Considering 
that  2  :  1  heart-block  is  present,  this  interval  is  much  shorter  than  might 
have  been  anticipated  ;  and  its  brevity  suggests  that  the  ventricle  responds 
to  the  preceding  auricular  contraction.  That  such  is  the  case  is  demonstrated, 
I  think,  from  an  examination  of  electrocardiograms  which  show  irregular 
ventricular  action  in  the  same  case.  Fig.  36  exhibits  a  single  5  :  1  period 
which  is  followed  by  successive  2  :  1  periods.  Consider  the  upstrokes  of  P 
which  precede  the  second  and  third  B  summits  in  this  photograph.  The  first 
hes  further  from  the  corresponding  B  summit  than  does  the  second.  If  the 
two  ventricular  beats  in  question  were  each  responses  to  the  preceding  auricular 
summits,  then  the  .46-  Vs  interval  of  the  first  cycle  would  be  the  greater  ; 
but  this  As-  Vs  interval  follows  the  longer  instead  of  the  shorter  pause. 
We  know  from  the  arterial  curves  that  the  As-  Vs  interval  is  varying  in  the 
ordinary  manner  during  periods  of  irregularity  ;  that  is  to  say  that  the 
shorter  pauses  are  succeeded  by  the  longer  As-Vs  intervals.  It  must  be 
also  the  case  in  this  figure.  If  the  first  ventricular  beat  is  a  response  to  the 
preceding  auricular  contraction,  then  the  second  is  a  response,  not  to  its 
preceding  auricular  contraction,  but  to  that  which  is  further  removed  from  it. 
Such  is  the  interpretation  which  has  been  marked  upon  the  figure.  The 
remaining  cycles  of  the  figure  are  all  of  2  :  1  ratio,  and  as  the  Vs-  Vs  interval 
shortens  gradually  for  the  first  few  beats,  so  the  As-  Vs  interval  is  seen  to 
increase  shghtly.  As  a  result  the  auricular  contraction  which  gives  rise 
to  a  ventricular  response  is  eventually  placed  so  that  its  upstroke  coincides 
with  the  commencement  of  the  preceding  B  summit.  In  this  figure  the  reason 
M  hy  the  first  cycle  of  a  2  :  1  period  is  relatively  long  is  clearly  seen  ;  its 
unusual  length  def»ends  upon  the  arrangement  of  As-  Vs  intervals.  The 
figure  is  also  of  interest  because  it  shows  alternation,  which  commences 
A\ith  the  third  of  the  rapid  arterial  upstrokes.  It  does  not  commence  with 
the  second,  as  is  usual,  for  the  reason  that  a  longer  pause  ^^recedes  this  beat. 

Another  example  of  simultaneous  arterial  and  electrocardiographic 
curves  is  shown  in  Fig.  37.  This  was  taken  from  another  case  {CASE  5), 
and  the  ratios  for  the  separate  cycles  are  clear.  A  bigeminal  action, 
consisting  of  2  :  1  and  4  :  1  periods  passes  into  a  simple  2  :  1  heart-block. 
The  figure  illustrates  to  perfection  the  impossibility  of  acceptinc^  the 
interval  between  adjacent  P  and  B  summits.  It  is  known  from  the  electro- 
cardiograms given  by  lead  /  in  this  case  (for  exami)les,  see  previous  article), 
that    the    upstrokes   represent    the   commencements    of   auricular   systoles. 
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If  ^\e  take  those  upstrokes  in  Fig.  37  which  directly  precede  R  summits, 
the  As-  Vs  interval  decreases  after  the  longest  pauses  to  less  than  -07  sees.,* 
and  the  greater  part  of  the  auricular  systole  is  buried  in  the  ventricular 
systole.  The  responses  must  therefore  have  been  to  auricular  systoles 
which  were  further  removed,  as  illustrated  by  the  diagram  draAvn  on  the 
figure.  Thus  it  seems  clear  that  in  pure  2  :  1  curves,  the  responses  are  as 
marked  upon  Fig.  28  ;  it  is  also  evident  that  two  auricular  systoles  may 
occur,  and  that  before  the  first  of  them  is  responded  to  by  the  ventricle, 
the  second  auricular  systole  may  be  almost  completed  ;  it  is  also  obvious 
that  two  auricular  impulses  may  be  travelling  along  the  junctional  tissues 
at  the  same  moment. 

The  deficiency,  when  a  2  :  1  ratio  is  present,  is  attributable  to  pathological 
change  rather  than  to  auricular  acceleration  j)ure  and  simple  ;  the  hearts 
in  which  flutter  occurs  are  abnormal.  The  demonstration  of  imperfect 
conductivity,  which  occurs  so  constantly  in  these  cases,  is  of  considerable 
importance.  Clinically  and  pathologically  the  cases  are  closely  alhed  to 
those  which  exhibit  auricular  fibrillation,  and  they  warn  us  most  clearly 
against  the  conclusion  that  in  auricular  fibrillation  all  the  impulses  are 
transmitted.  Later  we  shall  see  that  there  is  good  reason  for  believing  that 
the  contrary  conclusion  is  more  justifiable. 

Cases  of  auricular  flutter  are  of  importance  because  they  permit  exact 
observations  upon  changes  in  conduction  in  the  human  heart.  One  factor 
is  practically  constant,  and  so  far  as  we  know  it  is  constant  in  no  other 
condition,!  the  auricular  impulse  rate  is  unvarying.  Constancy  of  the  auricular 
impulse  rate  is  important  because,  as  I  have  stated,  variations  in  auricular 
rate  in  themselves  alter  conduction.  Observations  upon  heart-block,  where 
the  normal  rhythm  is  present,  are  not  pure,  because  this  factor  has  always  to  be 
taken  into  consideration.  In  all  the  cases  wliich  have  come  under  my 
observation,  nothing  has  been  more  fully  estabhshed  than  that  exercise  and 
excitement  immediately  increase  the  rate  of  the  ventricle,  the  rate  of  the 
auricle  remaining  practically  unaltered.  I  have  made  a  great  many  obser- 
vations from  this  point  of  view.  In  CASES  3,  4  and  5,  rising  from  the  lying 
to  the  sitting  or  standing  posture  A\ould  almost  invariably  and  immediately 
change  a  4:1,  or  irregular  response,  to  the  original  2  :  1  response.  In 
CASE  3,  this  effect  was  most  conspicuous.  While  this  patient  was  upon 
digitalis  or  strophanthus  he  often  walked  as  far  as  the  school.  When  he 
arrived,  the  ventricular  contractions  were  always  regular  and  at  a  half  the 
auricular  rate.  If  he  lay  for  a  few  minutes  the  pulse  became  irregular  and 
slower,  and  mixed  responses  (2:  1,  3:  1,  4:  1  and  5:1)  were  then  observed. 
Often  he  sat  with  his  arms  and  foot  lying  on  the  electrodes  preparatory  to 
the  taking  of  curves,  and  the  regular  and  fast  ventricular  rate  would  be 

*  A  tiiue-marker  is  not  shown  in  this  figure  but  the  auricular  rate  was  calculated  on  the  same 
day  in  other  curves  to  be  272  per  minute.  The  P  smnniits  are  separated  therefore  by  intervals 
of  "22  sees.. 

t  It  is  possibly  constant  in  auricular  fibrillation. 
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maintained  ;  on  many  occasions  if  he  raised  the  right  foot  and  rested  it  upon 
a  chair  a  slower  and  irregular  action  immediately  appeared.  And  it  would 
disappear  and  reappear  with  great  constancy  according  as  the  leg  was  in  the 
more  strained  position,  while  sitting,  or  horizontal.  The  reaction  was  an 
extremely  sensitive  one.  If  I  wished  to  obtain  arterial  curves  of  the  irregular 
periods, it  was  usually  insufficient  to  strap  the  receiver  to  the  outstretched  arm, 
the  arm  required  support  before  the  pulse  became  slow.  The  tension  in  the 
upraised  arm  was  almost  always  sufficient  to  estabhsh  temporarily  the  fast 
and  regular  action  of  alternate  responses.  A  few  minutes  conversation,  or  an 
unexpected  visit,  always  provoked  a  higher  ventricular  rate.  The  rate 
was  almost  always  faster  after  meals  ;  swallowing  never  seemed  to  affect  it 
in  this  or  the  other  patients.  When  the  patient  lay  quiescent  and  the  heart 
beat  irregularly,  breaking  from  regular  2  :  1  periods  into  irregular  periods 
of  higher  ratios,  the  reason  for  the  individual  changes  could  not  be  ascertained. 
Breathing  had  no  relation  to  them. 

In  all  those  cases  of  this  series  in  which  digitalis  or  strophanthus  was 
administered,  the  original  grade  of  heart-block  was  increased.  Hearts  in 
which  the  auricles  are  in  a  state  of  flutter  appear  to  be  pecuharly  susceptible, 
as  are  those  in  which  the  auricles  are  fibrillating,  to  the  action  of  drugs  of 
this  group.  This  susceptibihty  is  largely  attributed  to  the  rapidity  with 
which  impulses  are  showered  upon  the  junctional  tissues.  A  condition  of 
2  :  1  block  is  rapidly  converted  to  one  in  a\  liicli  there  are  mixed  periods  of 
2  :  1  and  4  :  1,  or  2  :  1,  3  :  1,  4  :  1  and  5:1.  Eventually  in  most  cases  4  :  1 
heart-block  is  established.  The  block  may  increase  further  in  some  instances 
(see  CASE  5)  and  6  :  1  and  8  :  1  periods  may  be  observed.  Personally  I  have 
not  employed  atroi:>ine,  but  Rihl  has  used  it  on  several  occasions  in  one 
patient  ;  where  digitalis  heart-block  is  present  atropine  restores  the  original 
ventricular  rate,  according  to  this  writer.  It  appears  therefore  that  the  action 
of  digitalis  in  this  instance  was  chiefly  if  not  entirely  an  indirect  one  through 
the  vagi. 

Rihl  found  that  pressure  on  the  carotid  sheaths  produced  slowing  of  the 
ventricle  (an  increa.se  of  block)  in  his  cases.  The  same  observations  have 
been  made  repeatedly  in  three  cases  of  my  own  series  {CASES  3,  4  and  5). 
In  each  instance  pressure  upon  the  carotid  sheath  increased  the  grade  of 
block  ;  the  vagi  appeared  to  be  particularly  sensitive  to  even  light  pressure 
and  in  one  case  {CASE  5)  the  application  of  the  jugular  receiver  to  the  neck 
on  certain  days  was  almost  always  followed  by  slowing  of  the  ventricle.  It 
was  a  matter  of  indiiference  as  to  which  side  was  pressed  upon  ;  the  efl'ect 
was  equally  conspicuous  upon  the  left  as  upon  the  right  side.  In  the  three 
cases  in  which  I  have  tested  the  effect  of  vagal  pressure,  the  procedure  gave 
a  positive  result  more  readily  when  the  patient  was  under  the  influence 
of  digitalis  or  strophanthus.  Control  observations  were  made  in  two  cases 
{CASES  4  and  5)  ;  in  one  {CASE  5)  patient  I  could  obtain  no  effect  at  all 
even  with  the  deepest  j^ressure  while  the  patient  was  uninfluenced  by  drugs  ; 
in  the  other  2  :  1  heart-block  was  temporarily  converted  to  irregular  responses 
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at  3:1,4:1  and  5  :  1  intervals.  It  is  not  evident  from  Rihl's  paper  whether 
his  patients  were  under  drug  influence  ^\'hen  the  observations  were  made, 
except  in  one  instance  \\hen  the  patient  was  upon  digitahs.  There  was  no 
demonstrable  effect  upon  the  auricular  rate  on  any  occasion  ;  the  result  was 
always  a  pure  conduction  effect.  These  results  are  of  importance  because 
they  suggest  the  control  of  the  junctional  tissues  by  both  vagal  nerves  in  the 
human  subject  ;  and  because  they  fail  to  substantiate  a  view  that  there  is  a 
preponderating  influence  of  one  nerve  over  the  other.  Examples  of  the 
curves  obtained  are  shown  in  Fig.  15  and  in  an  electrocardiogram  of  my 
previous  article. 

A  study  of  the  reaction  of  the  ventricle  to  the  rapidly  beating  auricle 
reveals  an  interesting  relation  between  the  rates  in  the  two  chambers.  There 
is  a  remarkable  tendency  for  the  ventricle  to  respond  so  that  the  ratio  is  an 
even  one.  2  :  1  heart-block  is  the  commonest  relation  of  any,  the  only  other 
ratio  which  at  all  commonly  gives  rise  to  a  regular  ventricular  action  is  a 
4  :  1  ratio.  On  one  occasion  and  on  one  only,  the  ventricle  has  beaten  in 
response  to  each  third  auricular  stimulus,  and  then  only  for  short  spaces  of 
time.  When  the  ventricle  is  irregular,  the  irregularity  usually  consists  of 
mixed  2  :  1  and  4  :  1  periods.  Sometimes,  it  is  true,  isolated  3  :  1  and  5  :  1 
periods  apjDear  ;  but  they  are  rare  by  comparison.  In  the  single  instance  in 
which  a  higher  grade  than  4  : 1  heart-block  was  seen  {CASE  5)  the  longer  pauses 
consisted  of  6:1  and  8  :  1  periods.  Even  ratios  are  far  too  common  to  be 
accounted  for  by  coincidence,  though  it  must  be  acknoA\ledged  that  an  explana- 
tion  of  the  phenomenon  is  difficult.  The  fact  remains  that  a\  hen  the  ventricle 
is  slowing  in  these  cases,  so  as  ultimately  to  beat  at  a  fourth  of  the  auricular 
rate  rather  than  a  half,  it  tends  to  pass  into  a  condition  in  which  2  :  1  and 
4  :  1  periods  are  mixed  and  not  to  exhibit  regular  3  :  1  ratios.  Samojloff  has 
drawn  attention  to  the  similar  method  of  response  of  the  frog's  heart,  in 
which  conduction  disturbances  have  been  induced  experimentally. 

The  relation  of  auricular  flutter  to  other  morbid  auricular  mechanisms. 

In  an  article  written  in  conjunction  A\ith  Dr.  Schleiter,  I  have  already 
drawn  attention  to  the  close  relation  between  paroxysmal  tachycardia  of 
auricular  origin  and  auricular  fibrillation.  The  conclusion  that  they  are  part 
and  parcel  of  the  same  pathological  process  was  supported  by  a  number  of 
facts,  none  of  which  were  more  noteworthy  than  the  frequent  occurrence 
of  the  two  conditions  in  the  same  patient,  and  especially  the  immediate 
passage  of  one  to  the  other.  The  argument  applies  even  more  strongly  to 
auricular  flutter,  for  in  thirteen  cases  of  the  present  series  auricular  fibrillation 
occurred  in  seven,  and  in  six,  one  condition  passed  directly  into  the  other.* 
The  separate  mechanisms  must  be  very  closely  related  ;    and  it  is  probable 

*  TJie  actual  transition  was  seen  in  one  c-aae  only  (CASE  14),  and  in  this  one  a  number  of  such 
transitions  were  recorded. 


"  A  V  R  lev  L  A  R     F  LU  TT  E  R.  "  213 

that  they  have  a  similar  pathogeny.  The  occasional  occurrence  of  tachy- 
cardia of  a  more  simple  form  {CASE  2),  and  the  frequent  occurrence  of  single 
premature  beats  in  the  same  patients  when  a  sinus  rhythm  has  been 
re-established  (they  were  present  in  five  out  of  the  six  cases  in  which  the 
normal  mechanism  was  observed)  seems  to  connect  flutter  with  the  remaining 
auricular  mechanism  in  which  disturbing  beats  arc  found. 

The  conclusions  that 

1.  >Single  premature   auricular  contractions, 

2.  .Small  groups  of  the  same, 

3.  Paroxysms  of  tachycardia  from  single  auricular  foci, 

4.  Auricular  flutter, 

5.  Paroxysms  of  tachycardia  from  two  or  more  auricular  foci,  and 

6.  Auricular  fibrillation 

arise  essentially  in  the  same  manner,  namely,  through  the  pathological  or 
heterogenetic  origin  of  new  impulses  in  the  auricle,  are  clearly  suggested 
by  the  facts  at  our  disposal. 

The   number  of  inipulsen   which    reach    the    junctional   tissues    in    auricular 

fibrillation. 

The  passage  of  regular  tachycardia  of  auricular  origin  into  auricular 
fibrillation  permits  a  theoretical  comparison  of  the  number  of  impulses  which 
reach  the  junctional  tissues  in  the  two  conditions.  It  is  known  from  experi- 
ment that  an  acceleration  of  the  auricles  in  the  presence  of  a  slight  grade 
of  heart-block  tends  to  reduce  the  ventricular  rate,  and  that  the  greater 
the  auricular  acceleration,  the  slower  is  the  action  of  the  ventricle.  In  the 
past  we  have  had  no  data  which  have  permitted  us  to  gauge  the  rate  at  which 
impulses  reach  the  junctional  tissues  when  the  auricles  fibrillate.  The  view 
that  all  pass  in  experiment  is  but  pure  assumption.  It  may  be  that  each 
second  or  each  third  impulse  is  transmitted,  or  that  they  are  carried 
irregularly.  That  all  pass  in  chnical  cases  is  certainly  not  the  case,  for  while 
in  experiment  the  rates  of  the  ventricular  responses  are  always  high,  in 
patients  they  are  variable  and  may  be  very  low.  We  may  argue  that  if 
the  heart-block  is  present  and  the  auricular  flutter  passes  into  fibrillation 
and  the  rate  of  the  ventricle  is  reduced,  the  impulses  are  more  frequent 
in  the  last  named  condition.  We  may  make  this  comparison  of  rates  in 
several  cases  of  the  series.  In  CASE  1  the  rates  of  auricle  and  ventricle 
before  fibrillation  appeared  were  324  and  SI,  respectively.  At  the  onset 
of  fibrillation  the  ventricular  rate  was  79.  In  CASE  2,  the  auricular  rate 
varied  between  266  and  333  ;  at  the  onset  of  fibrillation  the  pulse  rate  fell 
from  70-'J0  to  48-68.     In  CASE  5  the  auricular  rate  was  288-300,  and  at  the 
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onset  of  fibrillation  the  pulse  rate  fell  from  72  to  44.  In  Mackenzie's  case 
(CASE  14)  the  auricular  rate  was  280-300  and  at  the  onset  of  fibrillation 
the  pulse  rate  fell  from  140  to  55.  Thus  the  ventricular  rate  becomes  slower 
when  fibrillation  commences,  or  exceptionally,  remains  the  same.  It  may 
be  said  of  course  that  the  heart-block  resulting  from  digitalis  has  increased  ; 
but  this  seems  imjjrobable,  for  in  most  cases  the  degree  of  heart-block  has 
been  practically  stationary  for  several  days  upon  fixed  doses  of  the  drug. 
So  far  as  these  observations  can  be  taken  as  evidence,  therefore,  it  appears 
that  the  rate  at  which  impulses  reach  the  junctional  tissues  is  greater  while 
the  auricles  fibrillate  than  when  they  are  in  a  state  of  flutter.  The  transitions 
suggest  that  a  large  proportion  of  the  fibrillation  impulses  are  always  blocked 
in  man  even  when  ventricular  rates  of  200  are  reached,  and  that  the  actual 
number  of  such  impulses  surpasses  270  or  300  per  minute. 

Digitalis  as  a  therapeutic  measure  in  auricular  flutter. 

In  a  previous  article  I  recorded  the  passage  of  flutter  to  fibrillation 
during  digitahs  administration.  A  similar  reaction  was  recorded  in  cases 
A\hich,  as  it  noAv  appears,  were  of  the  same  nature  by  Mackenzie  and 
Turnbull.  In  the  present  paper  I  have  added  two  further  instances.  In  my 
original  case  the  normal  rhythm  was  resumed  shortly  after  digitalis  was 
withdrawn.  The  same  phenomenon  was  witnessed  in  two  cases  which  are 
now  recorded  {CASES  1  and  2).  The  normal  rhythm  was  also  resumed 
in  Mackenzie's  case  and  Turnbull's  patient.  It  appears  consequently 
that  the  production  of  fibrillation  by  digitalis  administration  is  an  important 
therapeutic  measure  in  cases  of  flutter.  The  flutter  may  have  lasted  as  long 
as  four  or  five  months  {CASES  2  and  15)  ;  in  fact,  it  is  usually  a  persistent 
condition  ;  it  may  last  for  three  years  or  more  ;  fibrillation  has  abolished  it 
for  observed  periods,  varying  from  a  few  weeks  to  several  years.  The 
induced  fibrillation  is  a  temporary  event,  and  at  its  offset  it  is  not  the  original 
tachycardia  but  the  normal  rhythm  which  is  restored.  From  these  facts 
it  seems  likely  that  whatever  the  final  cause  of  the  flutter,  it  is  not  a 
persistent  one  and  that  its  continuation  for  long  periods  results  from  a 
XJerverse  habit  which  the  auricles  accjuire.  Fibrillation  seems  to  act  by 
submerging  the  original  fast  rhythm.  During  the  course  of  experiments 
on  ammals,  regular  tachycardias  which  are  induced  by  stimulating  some 
portion  of  the  heart  waU  sometimes  persist  ;  they  may  be  abolished  by 
inducing  a  tachycardia  of  a  faster  rate  by  stimulating  another  point  ;  and 
\\hen  this  second  stimulation  ceases,  the  normal  rhythm  is  restored.  The 
induction  of  fibrillation  is  equally  effective  in  these  circumstances.  Fibrillation 
presumably  acts  in  a  similar  fashion  in  clinical  auricular  flutter,  and  this 
is  a  view  which  may  be  held  to  sui)port  the  conclusion  that  the  impulses 
arising  in  fibrillation  and  reaching  any  single  point  of  the  auricular  tissues 
(such  as  the  point  at  which  flutter  originates  or  the  outlet  to  the  ventricle) 
are  more  numerous  than  those  of  flutter  itself.     The  hearts  which  manifest 
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flutter  of  the  auricle  are  especially  susceptible  to  digitalis  and  stropliantlius 
in  another  way.  As  has  been  recounted,  the  grade  of  block  is  almost  always 
increased  in  the  earUer  stages.  If  the  full  reaction  and  the  return  to  the 
normal  rhythm  cannot  be  achieved,  at  all  events  the  ventricular  rate  may 
be  reduced  and  the  heart  obtains  rest. 


Svwynary  and  conclv-sions . 

1.  A  condition  is  described  and  is  spoken  of  as  "auricular  flutter." 
It  is  not  uncommon  clinically  (sixteen  cases  are  collected),  and  it  occurs 
for  the  most  part  in  elderly  subjects.  It  is  characterised  by  an  extremely 
raj^id  auricular  action  ;  the  rate  being  from  200  to  .330  per  minute  (usually 
at  about  300  per  minute).  Generally,  when  it  develops,  it  persists  for 
months  or  years  ;   it  may  occur  in  shorter  paroxysms. 

2.  The  auricular  rhythm  is  the  result  of  pathological  or  heterogenetic 
impulse  formation.  The  new  rhythm  is  probably  also  ectopic.  It  is  not 
under  nerve  control.  The  rate  is  wonderfully  constant  in  most  subjects 
and  is  practically  uninfluenced  by  posture,  exercise  or  nerve  stimulation.  Its 
j)ersistence  is  probably  attributable  to  habit  rather  than  to  a  continuation 
of  the  exciting  cause. 

3.  As  a  rule  the  ventricular  rate  is  one  half  the  auricular,  but  it  may  be 
the  same  as  the  auricular,  or  any  grade  of  heart-block  may  be  present. 
Thus  the  ventricle  may  beat  at  rates  varving  from  30  to  300  ;  it  may  beat 
regularlv  or  irregularlv.  The  rate  of  the  ventricle  is  controlled  by  the 
functional  condition  of  the  junctional  tissues  ;  conduction  is  decreased  by 
digitalis  and  its  allies,  and  increased  b}'  exercise.  The  heart-block  is 
increased  by  vagal  compression,  and  this  seems  to  be  especially  the  case 
while  it  is  influenced  by  digitalis. 

4.  When  2  :  1  heart-block  is  present  the  As-  Vs  interval  may  be  so 
long  that  the  auricular  summit  P  of  one  cycle  may  fall  with  the  R  summit  of 
the  preceding  cycle.  Two  auricular  impulses  may  be  travelling  towards 
the  ventricle  at  the  same  time  ;  the  ventricle  may  not  respond  to  an  auricular 
impulse  until  the  next  auricular  systole  is  almost  completed.  The  ratio  of 
auricular  and  ventricular  rates  is  generally  an  even  one.  Odd  ratios  when 
they  occur  are  usually  solitary. 

5.  Auricular  flutter  is  closely  related  to  similar  tachycardias  of  lesser 
rate  on  the  one  hand  and  to  auricular  fibrillation  on  the  other.  It  may  pass 
to  one  or  the  other.     All  such  disturbances  have  a  common  pathology. 

6.  Impulses  probably  reach  the  junctional  tissues  in  auricular  fibrillation 
at  rates  exceeding  270  or  300  per  minute. 
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7.  Even  when  it  has  been  present  for  many  months,  flutter  may  often 
be  abohshed  by  the  administration  of  digitahs.  This  drug  induces  temporary 
fibrillation,  and  the  normal  rhythm  is  subsequently  restored  and  ma}^  persist. 
But  the  administration  of  digitalis  may  be  advisable,  even  when  this  full 
reaction  cannot  be  ol>tained,  for  the  purpose  of  reducing  the  ventricular  rate. 

8.  The  arterial  curves  when  the  auricles  are  in  a  state  of  flutter,  are  of 
very  varied  form.  The  pulse  may  be  perfectly  regular  and  slow  or  fast. 
Pulse  irregularities  which  suggest  the  presence  of  extrasystoles  or 
fibrillation  are  frecpient.  Often  the  full  diagnosis  may  be  made  from  these 
curves  alone. 

0.  The  venous  curves  are  almost  alwaj's  obscure,  on  account  of  the 
weakness  of  the  auricular  systoles.  When  the  pulse  pauses  are  long  the  a 
waves  may  be  distinct.  Certain  of  the  venous  curves  give  an  erroneous 
impression  that  a  normal  rhythm  is  present. 

10.  The  electrocardiograms  show  auricular  complexes  which  are 
contiguous  at  rates  of  260-335  per  minute.  The  line  of  curve  never  runs 
isoelectrically  during  ventricular  diastole.  As  a  rule,  two  auricular  summits 
are  seen  for  each  ventricular,  but  under  these  circumstances  alternate 
auricular  representatives  are  easily  overlooked.  The  auricular  summits  in  lead 
/  are  small  and  pointed.  In  leads  //  and  ///  they  are  extremely 
prominent,  being  ef|uivalent  as  a  rule  to  2  x  10*  or  3  X  10  *  volts  ;  they 
may  reach  an  equivalent  of  4  X  10*  volts  ;  in  these  leads  the  complexes  are 
convex.  Together  they  form  a  continuous  wavy  or  zig-zag  line.  The  form 
of  the  P  summits  is  very  fairly  constant  from  case  to  case,  and  the  resemblance 
is  often  so  exact  as  to  suggest  a  definite  and  specific  mechanism. 
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THE  POST-MORTEM  EXAMINATION  OF  HORSES'  HEARTS  FROM 
CASES    OF    AURICULAR    FIBRILLATION. 

By  ALFRED  E.  COHN. 

{From  the    Hospital  of  the   Rockefeller  Institute  for  Medical   Research). 

This  report  describes  the  histological  findings  of  the  hearts  of  three  horses 
known  to  have  been  the  subjects  of  auricular  fibrillation.  They  were  reported 
in  this  Journal  by  Dr.  Th.  Le^^'is.^  The  hearts  were  fixed  in  Miiller-Formal 
(9-1),  washed  in  running  water,  preserved  in  70  per  cent,  alcohol  and  shipped 
to  New  York.  The  tissues  supposed  to  contain  the  sino-auricular  node  and 
the  septum  of  the  heart  containing  the  conduction  system  were  excised. 
The  latter,  being  too  large  a  block  to  embed  in  toto  was  cut  in  shces  about 
3  mm.  thick  in  a  plane  at  right  angles  to  the  long  axis  of  the  heart.  The 
shces  and  the  sinus  bearing  areas  were  embedded  in  celloidin  paraffin  and 
cut  in  sections  10- L5  micra  thick.  Every  fifth  section  was  mounted  and 
stained  with  iron  haemotoxylin  and  Van  Gieson's  solution. 

Heart  from  horse   No.  1. 

This  heart  had  been  cut  in  pieces  before  I  received  it.  The  pieces 
supposed  to  contain  the  sino-auricular  node  were  prepared  in  the  manner 
described.  Examination  of  the  series  showed  that  the  node  had  not  been 
included  in  the  pieces  excised.  Inspection  of  the  remaining  portions  of  the 
heart,  which  had  been  sent  with  the  excised  pieces,  showed  that  the  area 
at  the  cavo-auricular  junction  at  which  the  sino-auricular  node  is  found  had 
been  cut  in  such  a  fashion  that  it  appeared  doubtful  whether  a  successful 
reconstruction  would  be  possible.  After  examining  the  sinus  node  of  the 
other  two  hearts  it  was  decided  that  further  search  for  the  sinus  node  in  this 
horse  would  not  be  profitable. 

The  auriculo-ventricular  node  is  found  without  trouble.  It  lies  in  a 
region  well  below  the  origin  of  the  aorta.  The  central  fibrous  body  of  the 
human  and  canine  heart  is  represented  in  horses,  as  in  calves,  by  a  cartilaginous 
structure.  The  node  lies  to  the  right  of  the  central  cartilage  and  is  curved 
about  its  anterior  extremity.  In  this  horse  it  measures  3  mm.  by  -4  mm.  in 
diameter.  It  has  a  distinct,  well-developed  auriculo-nodal  junction, 
composed  of  fibres  showing  a  transition  from  those  forming  the  muscle  of  the 
auricle  to  those  forming  the  muscle  of  the  node.  The  auricular  muscle 
requires  no  special  description  ;  it  is  similar  to  mammalian  cardiac  muscle. 
The  structure  of  the  A-  V  node  offers  certain  peculiarities.  It  is  formed  of  a 
meshwork  of  very  coarse  thick  strands  of  connective  tissue,  supplied  with  a 
moderate  number  of  nuclei.  These  meshes  when  magnified  to  about  thirty 
diameters  have  proportions  similar  to  fish  netting.     In  the  interstices  of  the 
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network,  the  muscle  fibres  of  the  node  are  found.  These  are  hke  Purkinje 
cells,  in  the  number  and  arrangement  of  their  muscle  fibrillae,  and  in  the 
character  and  number  of  their  nuclei.  The  cells  are  probably  larger  than 
those  seen  in  sheep  and  calves'  hearts. 

The  A-  V  node  is  continued  to  the  anterior  aspect  of  the  central 
cartilaginous  body,  and  passes  into  the  main  stem  Avliich  is  exceedingly 
short,  and  which  soon  divides  into  a  right  and  a  left  branch.  The  septum 
ventriculorum  is  almost  entirely  muscular  at  the  level  at  which  the  beginning 
of  the  conduction  system  lies  ;  an  analogvie  of  the  septum  membranaceum, 
as  it  exists  in  the  human  heart,  was  not  found.  It  is  within  a  thick  muscular 
wall  therefore  that  the  division  into  right  and  left  branches  takes  place. 
These  are,  relatively  speaking,  very  small,  shov.ing  only  three  or  four  cells 
side  by  side  in  cross  section.  As  far  as  these  were  followed  they  lie  within 
the  muscular  wall  of  the  septum. 

At  the  levels  at  which  the  main  stem  divides,  Purkinje  fibres  are  seen 
lying  under  the  endocardium  of  both  ventricles.  These  are  undoubtedly  the 
recurrent  branches,  which  pass  upwards  to  the  base  of  the  heart  from  the 
level  of  the  papillary  muscles,  being  continuous  at  that  point  with  the 
arborisations  of  the  right  and  left  branches  of  the  main  stem. 

No  lesion,  inflammatory  or  otherwise,  was  discovered  in  the  course  of  the 
conduction  system. 

Heart  of  horse   No.  3. 

The  area  corresponding  to  the  sulcus  {toenia)  ierminaUs  was  excised  and 
Mas  divided  horizontally  into  two  pieces,  on  account  of  its  length.  About 
five  hundred  sections  (6,000  micra)  were  examined  and  the  node  was  found 
in  all  of  them.  No  abnormality  was  found  in  this  node.  To  avoid  repetition, 
a  full  description  of  this  structure  is  postponed.  That  given  for  the  heart  of 
horse  No.  5,  in  which  the  node  is  similar,  may  serve  for  both. 

A  description  of  the  conduction  system  would  duplicate  that  given 
for  the  heart  of  horse  No.  1,  and  may  therefore  also  be  omitted. 

Heart  of  horse   No.  5, 

The  sino  auricular  node.  The  entire  cavo-auricular  junction  of  this 
heart  was  embedded.  It  included  the  circumference  of  the  sujDerior  vena 
cava,  the  atrium  below  it,  and  the  adjoining  portions  of  both  those  walls 
of  the  right  auricular  appendix  which  unite  to  form  its  upper  border.  A 
block,  10  cm,  deep,  was  cut  into  sections  10  micra  thick,  the  plane  of  section 
being  at  right  angles  to  the  long  axis  of  the  vena  cava.  Every  fifth  section 
was  mounted.  It  was  found  that  this  large  piece  had  been  so  cut  that  it 
failed  to  contain  the  sinus  node  entirely.  The  lower  levels  of  it  were 
subsec^uently  recovered  in  the  portion  of  the  anterior  waU  of  the  right 
auricular  appendix  lying  to  the  right.  No  attempt  has  been  made  to 
calculate  the  size  of  the  nodal  tissue  in  these  pieces.  In  the  large  piece  the 
node  was  estimated  to  be  16-95  mm,  (16,950  micra)  long. 
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The  upper  extremity  of  the  node  is  found  in  the  wall  of  the  right  auricle 
above  the  entrance  of  the  superior  vena  cava.  It  is  embedded  deep  in  the 
wall  of  the  auricle  midway  between  endocardium  and  pericardium.  It 
gradual!}'  becomes  differentiated  from  auricular  muscle  by  the  increase  of 
connective  tissue  strands  which  appear  among  the  muscle  fibres.  At  a 
shghtly  loAver  level  (1  mm.)  the  node  assumes  a  more  superficial  position, 
hing  1  mm.  from  the  pericardium.  Its  cross  section  is  long  and  narrow, 
measuring  13  by  2  mm..  The  pericardium  over  it  is  much  thicker  than  else- 
where. There  are  mam- large  nerves  and  numerous  gangha  in  its  neighbourhood. 
There  is  no  special  large  vessel,  but  there  are  numerous  small  ones. 

At  a  shghtly  lower  level,  1-5  mm.  from  the  upper  extremity,  the  node 
divides  into  two  (tails),  which  may  be  designated  as  anterior  (representing 
the  structure  which  is  usually  seen)  and  posterior.  This  division  occurs  just 
a  httle  above  the  entrance  of  the  superior  vena  cava  into  auricle.  Each  of 
these  tails  of  the  node  measures  8  by  1  mm.  in  cross  section  ;  they  separate 
rapidly  so  that  an  interval  between  them,  at  first  of  3  mm.,  rapidly  Avidens  to 
16  mm.,  0-7  mm.  below  the  division.  The  space  between  these  two  portions 
of  the  node  is  formed  of  closely  meshed  and  thin  connective  tissue  which 
contains  a  moderate  amount  of  fat.  Here  the  anterior  tail  measures  10  by 
0-5  mm.,  the  posterior  one,  5  by  2  mm..  Both  are  approximately  triangular 
in  outhne.  The  posterior  tail  is  7-1  mm.  in  length  from  the  point  of  division 
to  its  end.  The  anterior  tail  is  16-95  mm.  in  length,  and  at  the  lowest  point 
at  wliich  its  cross  section  is  observed,  measures  8  by  0-5  mm. 

The  node  contains  more  connective  tissue  than  the  surrounding  auricular 
muscle  with  which  it  communicates  freely,  but  the  amount  is  not  abnormal. 
The  muscle  of  which  it  is  composed  shows  the  usual  interlacement,  and  the 
numerous  nuclei,  which  are  seen  in  this  structure  in  other  mammals  ;  but 
the  muscle  fibres  themselves  are  slightly  thicker  and  are  less  striated.  The 
fibres  have  no  hkeness  to  Purkinje  ceUs.  There  is  no  evidence  of  abnormahty 
with  the  exception  of  a  small  group  of  round  cells  near  the  lower  extremity 
of  the  posterior  tail  of  the  node. 

The  occurrence  of  a  bifid  sinus  node  has  been  described  by  Schwartz^  in 
the  calf  and  sheep.  When  the  sections  of  the  heart  of  horse  Xo.  3  were  cut, 
two  years  ago,  the  pieces  were  not  so  large  as  those  taken  since  that  time. 
The  nature  of  the  divided  sinus  node  therefore  escaped  observation.  In 
the  heart  of  horse  Xo.  5  the  structure  of  the  node  was  similar  to  that  found 
by  Schwartz.^  The  node  may  be  described  as  ha^^ng  the  form  of  an  inverted 
Y,  the  stem  of  which  is  short,  and  the  anterior  hmb  of  the  bifurcation  being 
longer  than  the  posterior. 

The  auriculo-ventricular  node  corresponds  in  general  structure  and  in 
topography  to  that  found  in  horse  Xo.  1.  A  few  details  only  need  be  added. 
In  excising  the  piece  of  the  septum  of  this  heart  containing  the  conducting 
apparatus,  the  coronary  sinus  was  left  intact.  The  relation  of  the  auriculo- 
ventricular  node  to  it  can  therefore  be  ascertained.  It  lies  in  the  anterior 
hp  of  the  coronary  sinus  and  its  upper  border  is  a  few  milhmetres  posterior 


224  A.    E.   COHN. 

to  the  line  of  attachment  of  the  mesial  cusp  of  the  tricuspid  valve.  At  this 
level  the  node  measures  9  by  1  to  1-5  mm.,  a  little  lower  it  measures  11  by 
2-25  mm.,  and  lower  still  9  by  1  mm.. 

The  connective  tissue  meshes  of  the  node  in  this,  as  in  the  other  hearts, 
are  only  partly  filled  by  muscle  fibres.  It  is  difficult  to  decide  whether  the 
spaces  left  are  normal  or  are  artifacts  produced  in  the  preparation  of  the 
sections.  Opposed  to  the  conclusion  that  they  are  artifacts  is  the  unlikely- 
hood  of  Purkinje  cells  shrinking  much  when  the  surrounding  ventricular 
muscle  in  the  same  section  suffers  little  or  at  all.  The  Purkinje  cells  probably 
contain  relatively  more  undifferentiated  protoplasm  than  the  muscle  fibres, 
and  this  difference  between  them  may  render  the  deduction  that  one  is 
unchanged  because  the  other  obviously  is,  unfair.  If  the  spaces  are  not 
artifacts,  they  must  be  preformed.  For  this  view  there  is  some  evidence. 
The  spaces  are  lined  with  a  membrane  which  presents  slight  nodular 
thickenings.  These  thickenings  may  represent  cells,  but  they  fail  to  show 
definite  nuclear  structure,  at  least  with  the  dyes  used  in  this  investigation. 
Curran^  would  no  doubt  have  identified  these  spaces  with  the  bursse  he 
described.  Another  reason  for  thinking  that  such  spaces  are  preformed  is 
that  they  can  all  be  filled  by  injecting  fluid  at  a  single  appropriate  place. 
This  procedure  has  been  successfully  undertaken  by  Lhamon^  and  by  the 
author.  1  It  is  probable  that  the  spaces  are  preformed  but  their  unusual  size 
suggests  shrinkage  of  the  muscle  cells  within  them. 

The  position,  course,  size  and  structure  of  the  right  and  left  branches 
are  like  those  found  in  horse  No.  1.  No  evidence  of  abnormality  or  of 
inflammation,  old  or  recent,  was  observed. 

Summary  and  condvsions. 

The  hearts  of  three  horses,  known  to  have  suffered  from  complete 
irregularity  of  the  heart,  have  been  examined.  In  the  first  heart,  the  sino- 
auricular  node  was  not  found  ;  in  the  other  two,  it  showed  no  abnormality. 
The  conduction  system  in  all  three  hearts  was  intact  and  showed  no  lesion. 

An  arrangement  of  the  sino-auricular  node  like  that  found  in  certain 
other  mammals  was  observed  in  one  of  the  hearts. 

The  auriculo-ventricular  node,  main  stem  and  branches  in  these  horses' 
hearts,  are  described  in  detail.     They  were  free  from  abnormality. 
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OBSERVATTOXS     OX    IXJECTIOX    SPECIMEXS     OF    THE 
COXDUCTIOX    SYSTEM    IX    OX    HEARTS. 

By  ALFRED  E.  COHX. 
(Frcrrn  the  Hospital  of  the  Rockefeller  Institute  for  Medical  Research). 

Ix  his  preface  to  Tawara's  monograph  on  the  conduction  sj'stem  of  the 
heart,  Aschoff  pointed  out  that  in  performing  its  orderly  function,  the 
region  of  the  papillary  muscles  should  contract  before  those  of  the  base  of 
the  heart.  He  was  able  to  prove  from  Tawara's  investigations  that  the 
atrio-ventricular  bundle  was  in  reality  distributed  to  this  region  first  and  only 
later  to  the  base  itself.  These  conclusions  harmonised  certain  views  of  the 
embryology  and  the  physiology  of  the  heart  %vith  those  put  forward  by 
Tawara  concerning  its  structure.  The  method  of  investigating  the 
anatomical  pathway  for  conduction  attained  success  only  when  serial  sections 
of  the  heart  were  made  and  the  system  reconstructed.  This  method  is 
tedious  and  the  interpretation  difficult.  Xumerous  investigations  attempted 
the  method  of  gross  dissection  to  lay  bare  the  atrio-ventricular  bundle,  but 
satisfactory  dissections  of  so  complicated  a  system  are  quite  impossible  on 
account  of  the  nature  of  the  bundle  and  its  ultimate  distribution.  For  it  is 
probable  that  no  portion  of  the  heart  is  free  from  a  lining  of  conducting 
fibres,  at  least  of  Purkinje  fibres,  and  these  cannot  be  followed  by  the  method 
of  dissection.  And  since  the  origin  of  these  fibres  cannot  be  ascertained 
in  this  way,  a  theory  of  the  distribution  of  the  impulse  to  contraction  cannot 
properly  be  constructed  from  the  knowledge  so  gained. 

A  method  by  which  the  conducting  system  can  be  brought  into  view 
with  ease  and  without  subjecting  it  to  trauma  is  by  injection.*  Dyes  were 
at  first  used  as  the  injecting  fluid.  Some  of  the  specimens  demonstrated 
to  the  Xew  York  Pathological  Society^  were  prepared  in  this  manner.  The 
stains  that  were  used  were  all  readily  diffusible  and  were  discarded  on  that 
account.  Black  india  ink  was  then  employed  but  was  found  to  be  too 
viscid  to  be  a  satisfactory  medium,  but  india  ink  diluted  with  an  ec^ual  part 
of  water  served  the  purpose  very  well.  About  twelve  hearts  in  all  were 
examined. 

The  ox  hearts,  of  which  photographs  are  shown  (Fig.  1  and  2)  were 
prepared  in  this  way.  After  injection,  these  hearts  were  preserved  in 
Kaiserling  solution  and  have  been  kept  as  museum  preparations.  Lhamon- 
has  published  a  photograph  of  the  cavity  of  the  left  ventricle  prepared  in  a 

*  For  the  suggestion  that  an  injection  of  the  heart  is  possible  the  author  is  indebted  to 
Dr.  \V.  G.  MacCallum.  Dr.  MacCallum  had  seen  specunens  so  prepared  in  the  summer  of  1911 
at   Stanford  University. 
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similar  way  but  none  of  the  right.  The  photograph  now  pubhshed  of  the 
left  ventricle  is  in  close  agreement  with  his.  A  photograph  of  a  successful 
injection  of  the  right  ventricle  is  now  also  reproduced. 

It  is  not  the  intention  of  the  present  communication  to  discuss  purely 
structural  or  histological  matters.  Lliamon^  has  made  observations  on  these 
subjects  which  the  author  has  been  able  to  substantiate.  It  is  the  purpose 
of  this  communication  to  jjoint  out  the  clearness  v,\i\i  which  these  injected 
specimens  display  the  course  and  distribution  of  the  impulse  of  conduction 
in  the  two  ventricles. 

In  the  left  ventricle,  three  main  branches  have  been  named  :  one  to  the 
anterior,  one  to  the  posterior  papillary  muscle  and  one  to  the  apex,  the  last 
issuing  by  two  heads  from  the  preceding  branches.  A  comparison  of  these 
with  the  branches  of  the  right  ventricle  will  disclose  a  striking  similarity  in 
the  general  arrangement  on  the  two  sides.  In  the  right  ventricle  one  branch 
passes  to  the  large  anterior  papillary  muscle  and  to  the  venous  base  of  the 
right  ventricle,  and  one  along  the  border  of  the  large  moderator  band  to  the 
large  septal  pajDillary  muscle,  and  to  the  conus  arteriosus  ;  the  branch  to  the 
apex  issues  by  separate  heads  from  both  the  preceding.  Thus  the  arrangement 
in  the  right  ventricle  is  very  hke  that  of  the  left,  but  differs  from  it,  in  that 
the  branches  which  are  easy  to  identify  as  single  strands  on  the  left  side, 
appear  on  the  right  broken  into  groups  of  branches,  having  a  more  extensive 
interlacement. 

The  gradual  filling  out  of  all  these  spaces  in  an  orderly  fashion  is  easily 
discernible  during  the  progress  of  a  successful  injection.  If  the  point  of  the 
fine  injecting  needle  has  been  fortunately  inserted  in  the  left  division  of  the 
bundle  of  the  ventricle,  the  fluid  can  be  seen  to  course  parallelly  along  the 
three  branches  of  the  left  division  and  to  arrive  at  the  papillary  muscles  first 
and  a  little  later  at  the  apex.  The  time  relations  are  of  course  unreliable. 
But  it  is  very  important  to  notice  that  the  injection  of  the  papillary  muscle 
takes  place  before  that  of  the  base,  both  venous  and  arterial.  It  is  beheved 
that  inspection  of  the  photograph  demonstrates  clearly  that  the  injected 
pathways  at  the  bases  do  not  communicate  with  the  left  branch  before 
division.  They  are  in  communication  only  with  the  branches  supi3lied  to 
papillary  muscles  ;  that  is  to  say,  the  papillary  muscles  are  supplied  before 
either  base  or  apex.  This  is  the  contention  for  which  Aschofi  argued.  This 
method  of  distribution  to  the  bases  is  true  of  the  right  ventricle  as  well  as  of 
the  left. 

Inspection  during  injection  then  shows  that  the  papillary  muscles  are 
reached  first  by  the  fluid,  and  the  bases  and  apex  later.  Whether  the  apex 
or  one  or  the  other  base  precede  one  another  cannot  be  decided  by  this 
method  ;  nor  do  the  photographs  aid  in  the  decision  ;  they  show  only  the 
dependence  of  the  basal  portions  on  the  papillary  muscles  for  this  distribution. 
Measurement  of  the  relative  length  to  each  part  from  the  origin  of  the  left 
division  may  be  useful  in  arriving  at  a  solution,  but  such  measurements 
have   not   been   undertaken. 
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Results  and  conclusion. 

Injection  by  diluted  india  ink  is  a  valuable  and  simple  method  for 
demonstrating  the  course  and  relations  of  the  conduction  system  in  ox 
hearts.  It  has  been  shown  that  the  injection  reaches  the  papillary  muscles 
first,  and  other  portions  later,  notably  the  bases  and  apex  ;  and  also  that  the 
branches  of  the  system  to  these  latter  portions  have  no  direct  relationship 
with  the  main  divisions  or  their  princij^al  branches.  The  basal  and  apical 
branches  communicate  with  the  principal  branches  at  the  papillary  muscles. 

The  contention  of  Aschoff  in  respect  of  the  course  of  conduction  through 
the  heart  is  therefore  substantiated  by  this  method  of  investigation. 
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Fig.   1.     A  photograph  of  the  cavity  of  the  left  ventricle.     Injection  of  the  conduction  system  is 
shown. 

Fig.  2.     A  photograph  of  the  cavity  of  the  right  ventricle.     Injection  of  the  branches  as  in  Fig.  1. 
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FURTHER     OBSERVATIONS      UPOX     THE     ISOLATED     APEX 
PREPARATIOX    IX    THE    FROG'S    HEART. 

By  G.  H.  CLARK  and  WILLIAMIXA  ABEL. 

{From  the   Physiology    Departmeyit  of  the    University  of   Glasgow). 

I.     Introduction. 

The  work  of  Bernstein, ^  Bowditch^  and  others  upon  the  isolated  apex 
preparation  in  the  heart  of  the  frog  showed  that  experimentally  there  is 
ground  for  the  supposition  that  ganglion  cells  are  absent  in  the  lower  two 
thirds  of  the  frog's  ventricle.  The  fact  that  Merunowicz'  obtained  rhythmic 
contraction  when  the  heart  was  fed  with  certain  fluids  has  been  in  large  part 
explained  by  Gaskell^  when  he  showed,  by  clamping  the  aorta,  that  if  the 
pressure  in  the  isolated  apex  is  sufficient,  contraction  will  result.  DogieF 
and  his  co-workers  ^*^  and  Bethe^  however,  have  described  ganglion  cells 
distributed  extensively  throughout  the  whole  ventricle.  Bernstein  and 
Bowditch  showed  that  when  the  apical  two  thirds  are  separated  from  the 
remaining  third  by  crushing  the  intervening  tissue  it  does  not  contract 
again  even  when  an  efficient  blood  supply  is  insured.  Bowditch  records 
instances  where  the  apical  segment  was  found  days  after  the  operation  to  be 
contracting  along  with  the  basal  part  of  the  heart.  In  subsecjuent  experi- 
ments on  these  hearts  he  demonstrates  experimentally  by  again  crushing  the 
ventricle  still  nearer  the  base  that  although  the  apex  has  apparently 
recovered  from  the  first  crushing  which  separated  it  from  the  base  and  is 
contracting  on  its  own  account,  it  becomes  c^uiescent  again  after  the  second 
injury,  thus  proving  that  the  apex  has  not  originated  impulses  apart  from 
those  coming  from  the  base  of  the  heart.  Bowditch  concludes  from  his 
results  that  (1)  the  frog's  apex  does  not  possess  the  function  of  automatic 
motion  ;  (2)  resumption  of  contraction  on  the  part  of  the  apex  is  due  to 
restoration  of  the  imperfectly  destroyed  connection  between  apex  and 
ventricle  proper. 

In  these  experiments  no  microscopic  examination  was  made  and 
consequently  Bowditch's  conclusions  were  not  supported  by  histological 
evidence. 

Bowditch's  results  appeared  to  us  to  require  re-investigation  and 
verification  by  histological  methods  and  with  the  object  of  extending  it  in 
some  measure  we  have  undertaken  the  present  investigation.  We  have 
further  endeavoured  to  keep  our  animals  aUve  for  more  prolonged  periods 
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than  Bowditch  mentions,   to   allow  of  the  jjossibility    of    more   complete 
regeneration  of  nerve  tissue. 

//.     Methods. 
The  work  was  carried  out  in  the  following  manner  : — 

To  ascertain  the  distribution  of  nerve  cells  and  fibres  in  the  normal 
frog's  heart  longitudinal  serial  sections  7  micra  in  thickness  were  made, 
these  sections  were  then  stained  by  the  hoomalum-eosin  method 
which  has  been  found  very  satisfactory  for  demonstrating  ganglionic 
nerve  cells  in  adult  tissue.  For  comparative  purposes  the  perfusion  staining 
method  was  used,  and  several  hearts  were  perfused  with  methylene  blue 
1  in  1,000,  while  others  were  perfused  with  1  in  10,000.  The  osmic  acid 
(rapid  method)  was  tried  in  the  case  of  two  hearts  but  was  not  found  to  be 
very  successful. 

For  the  experimental  work  fifty  frogs  were  used.  The  method  of 
operation  was  as  follows.  The  frogs  were  placed  in  a  beaker  of  water  to  which 
ether  had  been  added,  and  thus  anaesthetised.  They  were  then  removed 
from  the  beaker  and  operated  upon.  An  inverted  V-shaped  incision  was 
made  over  the  xiphi-sternum  which  was  snipped  through  and  folded  back 
and  the  heart  exposed.  The  pericardium  was  carefully  opened,  and  the 
ventricle  crushed  transversely  by  a  special  pair  of  fine  smooth  forceps.  The 
pressure  exerted  was  in  all  cases  sufficient  to  stop  the  transmission  of  impulses 
from  the  basal  to  the  apical  jDortions  of  the  ventricle,  no  contraction  being 
visible  in  the  apical  segment  of  the  ventricle  when  the  heart  was  returned  to 
its  normal  position.  The  pericardium  was  stitched,  the  xiphi-sternum  replaced 
and  secured  by  a  few  stitches,  and  the  skin  wound  stitched.  The  frogs  were 
kept  in  a  cool  place  supplied  with  a  suitable  amount  of  running  water. 
Rana  te^wporaria  stood  the  operation  well,  but  Rana  esculenta  did  not. 
The  frogs  were  kept  for  varying  periods  after  operation  ;  they  were  then 
pithed,  the  hearts  exposed,  and  observations  taken  of  the  character  and 
extent  of  their  contraction.  In  cases  where  the  apical  segment  was 
contracting,  a  further  compression  was  applied  completely  across  the 
ventricle  or  in  the  A-  V  groove.  The  object  of  this  was  to  cut  off  from  the 
contracting  apical  segment  impulses  coming  from  the  base  and  the  auricles 
and  thus  ascertaining  if  the  origin  of  the  apical  contraction  was  intrinsic  or 
extrinsic.  After  this  had  been  done  the  hearts  were  placed  in  formaline 
fixative  ;  washed  and  dehydrated  in  the  ordinary  manner,  and  embedded  in 
paraffin.  Longitudinal  serial  sections  7  micra  in  thickness  were  then  made 
and  stained  by  the  haemalum-eosin  method. 

///.     Results. 

Some  of  the  hearts  were  examined  24  hours  after  operation,  and  others 
at  multiples  of  24  hours. 
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1.  At  24:  hours.  The  animals  all  appeared  healthy.  As  the  conditions 
were  exactly  similar  in  all  the  hearts  examined  at  this  stage,  a  typical 
experiment  is  described.  When  the  heart  was  exposed  it  was  found  pulsating 
regularly  and  apparently  normally  with  the  exception  of  the  ventricular  ajiex 
which  was  at  rest.  That  the  cavities  of  both  the  ventricular  segments  still 
remained  j^atent  was  evident  because  the  apical  segment  became  dilated  with 
blood  forced  into  it  during  basal  ventricular  contraction.  The  sharp 
contractions  ehcited  in  the  apical  segment  on  mechanical  stimulation  made 
it  evident  that  its  excitability  had  been  retained.  These  contractions,  like 
those  seen  in  the  basal  portion  of  the  ventricle,  were  hmited  by  the  hne  of 
pressure. 

Histological  examination  showed  that  muscular  continuity  was  all  but 
destroyed  between  apical  and  basal  segments.  The  muscular  tissues  at  the 
line  of  pressure  were  found  to  be  lacerated,  the  laceration  following  a  jagged 
irregular  line. 

2.  At  48  hours.  The  hearts  reacted  in  the  same  manner  as  those 
examined  at  24  hours.  On  mechanical  stimulation  of  the  ventricular  apex 
with  a  single  stimulus  the  nature  of  the  response  varied  with  the  relation  of 
apical  contraction  to  basal  contraction.  If  the  induced  apical  contraction 
coincided  with  basal  contraction  then  the  apical  contraction  lasted  until 
the  next  basal  contraction  forced  blood  into  the  segment.  On  the  other  hand, 
if  apical  contraction  coincided  with  basal  dilatation  then  the  apical  segment 
became  as  usual  dilated  \\\i\\  blood  during  the  ensuing  basal  contraction, 
but  it  again  contracted  before  passing  into  the  quiescent  condition. 
Stimulation  of  the  apical  segment  with  a  succession  of  stimuh  showed 
the  presence  of  a  definite  refractory  period,  while  the  rate  of  contraction 
was  found  to  be  slow  as  compared  with  other  portions  of  the  heart. 

Histological  examination  showed  injuries  similar  to  those  described 
24  hours  after  operation.  The  hne  of  pressure  in  the  ventricle  was  marked 
by  an  irregular  band  of  lacerated  muscular  tissue  mixed  with  haemorrhagic 
patches. 

3.  At  12  hours.  With  the  exception  of  one  heart  the  experiments 
yielded  the  same  results  as  at  24  and  48  hours. 

In  one  heart  exposed  at  this  period  contractions  were  clearly  seen  in  both 
apical  and  basal  segments  of  the  ventricle.  These  contractions  began  on  the 
left  side  immediately  below  the  auriculo-ventricular  groove,  passed  to  the 
right  side,  then  downwards  to  the  right  side  of  the  apical  segment,  and 
finally  upwards  to  terminate  in  the  left  side  of  the  apical  segment  at  the  seat 
of  injury.  A  narrow  non-pulsating  band  extended  half  way  across  the 
ventricle  on  the  left  side.     The  pulsations  just  described  started  above  this 


234  C  LARK    AN  D   ABE  L. 

narrow  band  on  the  left  side  and  following  the  circular  route  described, 
finished  below  it.  This  non-pulsating  band  represented  a  portion  of  the  line 
of  pressure  and  formed  an  effectual  bar  against  the  progress  of  impulses 
downwards  from  the  left  basal  portion  of  the  ventricle  to  the  left  apical 
portion. 

Histological  examination  showed  that  the  muscle  in  the  portion  of  the 
ventricle  which  did  not  contract  was  completely  lacerated.  The  remainder 
of  the  line  of  pressure  could  be  recognised  and  at  many  points  in  the  serial 
sections  complete  muscular  continuity  could  be  traced  between  the  basal 
and  apical  ventricular  segments. 

4.  At  96  liours.  The  conditions  already  described  as  being  found  at 
the  earlier  stages  were  also  found  at  this  stage. 

When  the  hearts  were  exposed  pulsations  were  seen  to  be  strictly  limited 
to  those  portions  of  the  hearts  proximal  to  the  lines  of  pressure,  while  the 
apical  segments  were  in  all  cases  quiescent.  The  apical  segments  still 
retained  their  excitability  and  responded  promptly  to  stimuli. 

Histological  examination  of  a  typical  heart  at  this  stage  showed  complete 
laceration  of  the  muscular  tissue  along  the  line  of  pressure. 

5.  At  120  hours.  The  hearts  examined  at  this  stage  showed  precisely 
the  same  phenomena.  The  apical  segment  in  each  case  was  seen  to  be  at 
rest  ;  its  excitability  was,  as  usual,  retained  and  when  stimulated  with  a 
tetanising  current  a  rhythm  of  about  6  contractions  in  the  30  seconds  was 
demonstrated. 

Histological  examination  of  serial  sections  through  the  hearts  showed 
complete  laceration  of  the  muscular  tissue  between  the  basal  and  apical 
ventricular  segments. 

6.  At  144  hours.  In  each  case  the  apical  segment  of  the  heart  was  found 
to  be  at  rest,  and  reacted  as  at  earlier  times.  In  one  case  the  apical  rhythm 
was  found  to  be  14  beats  in  30  seconds  in  response  to  the  interrupted 
current,  during  the  same  period  the  basal  ventricular  segment  contracted 
34  times. 

Histological  examination  of  this  heart  showed  complete  laceration  of  the 
muscular  tissue  along  the  line  of  pressure. 

7.  At  168  hours.  With  one  exception  these  hearts  showed  the  same 
phenomena  as  at  the  earlier  times. 

In  this  case  the  whole  heart  was  actively  pulsating.  There  was,  however, 
a  short  pause  in  the  progress  of  contraction  over  the  ventricle,  occurring  at 
the  junction  of  the  middle  and  lower  thirds,  that  is  at  the  line  of  pressure. 
The  further  experiment  of  squeezing  the  ventricle  transversely  between  the 
auriculo-ventricular  groove  and  this  line  was  undertaken,  with  the  result 
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that  the  whole  of  the  ventricle  distal  to  the  second  line  of  pressure  stopped 
pulsating.  The  large  apical  segment  thus  isolated  was  seen  to  dilate  on 
contraction  of  the  basal  ventricular  segment  in  the  way  described  before. 
The  apical  segment  was  excitable  and  contracted  sharply  on  stimulation,  the 
contraction  being  limited  by  this  second  line  of  pressure.  If  stimulated  with 
the  induced  current  it  contracted,  but  immediately  after  this  contraction 
a  wave  of  inhibition  spread  over  the  whole  heart.  The  auriculo-ventricular 
groove  was  now  crushed  with  the  result  that  the  basal  ventricular  segment, 
lying  between  the  auriculo-ventricular  groove  and  the  second  line  of  pressure, 
continued  pulsating,  but  at  a  slower  rate  than  the  auricular  portion  of  the 
heart.  A  comparative  count  showed  the  basal  ventricular  rhythm  to  be 
7  beats  per  30  seconds,  while  the  auricular  rhythm  was  19  beats  per 
30  seconds. 

Histological  examination  showed  that  the  original  line  of  injury  had  not 
completely  separated  the  apical  from  the  basal  segment.  Along  the  second 
line  of  pressure  the  extent  of  the  injury  was  somewhat  masked  by 
haemorrhage.  At  the  auriculo-ventricular  groove  the  pressure  exerted  had 
not  been  sufficient  to  cause  severe  laceration  of  the  tissues.  Many  of  the 
cells  of  Bidder's  ganglion  had  escaped  injury. 

In  another  frog  examined  at  the  same  stage  after  operation  the  apical 
segment  was  found  to  be  at  rest.  It  displayed  the  usual  phenomena  of  the 
resting  apical  segment,  which  have  already  been  described. 

8.  At  192  hours.  One  heart  .showed  a  variation  from  the  Ciuiescent 
apex  condition. 

\Mien  the  heart  was  exposed  pulsations  were  seen  over  the  entire 
ventricle.  The  line  of  pressure  was  seen  as  a  faint  scar-hke  band,  but  there 
was  no  appreciable  delay  of  the  conduction  at  this  point.  The  ventricle 
was  again  crushed  transversely  between  the  first  line  of  pressure  and  the 
auriculo-ventricular  groove.  The  portion  of  the  ventricle  distal  to  the  second 
line  of  pressure  did  not  stop  beating  but  slowed  considerabl3^  Observation 
showed  that  a  pulsation  of  the  basal  ventricular  portion  was  occasionally 
conducted  over  the  second  line  of  pressure  into  the  apical  segment.  The 
ratio  of  pulsations  was  found  to  be  16  per  30  seconds  in  the  basal  segment, 
and  5  per  30  seconds  in  the  apical  segment.  Pressure  was  next  applied  along 
the  auriculo-ventricular  groove.  The  ventricles  stopped  beating  although 
they  readily  contracted  when  stimulated  mechanically.  The  contractions 
induced  by  stimulation  below  the  auriculo-ventricular  groove  spread  over 
the  entire  ventricle.  Pressure  was  again  applied  along  the  second  line  of 
pressure,  and  it  was  found  that  contractions  induced  in  the  ventricle  proximal 
or  distal  to  this  line  were  now  effectually  blocked.  The  first  pressure  applied 
had  evidently  not  been  sufficient  to  destroy  all  the  connections  between  the 
ventricular  segments. 

Histologically  the  primary  line  of  pressure  was  easily  recognised,  but 
the  injury  to  the  muscular  coat  was  comparatively  shght  and  no  difficulty 
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Avas  found  in  tracing  strong  muscular  bands  across  the  line  of  injury.  The 
second  line  of  pressure  was  masked  by  a  considerable  amount  of  haemorrhage 
and  the  extent  of  injury  was  not  clearly  seen. 

9.  J^  216  hours.  The  hearts  of  the  frogs  examined  were  found  to 
be  actively  pulsating  with  the  exception  of  the  apical  segments  which  were 
in  all  cases  quiescent  and  responded  in  the  usual  way  to  stimuli.  In  one  case 
pressure  was  applied  along  the  auriculo-ventricular  groove  with  the  result 
that  for  2-3  minutes  pulsations  ceased  over  the  entire  ventricle.  Stimulation 
of  the  basal  j^ortion  of  the  ventricle  during  this  period  elicited  contractions 
which  in  some  few  cases  spread  over  to  the  a^jical  segment  distal  to  the 
original  line  of  pressure.  Pressure  was  now  applied  along  the  original  line 
of  pressure.  The  auricles  and  basal  portion  of  the  ventricles  now  gave  5  beats 
per  30  seconds  while  the  apical  segment  gave  2  per  30  seconds.  Observation 
was  maintained  for  some  time  but  the  apical  contractions  although  very 
slow  did  not  disappear. 

Histological  examination  showed  that  along  the  original  line  of  pressure 
laceration  of  the  tissues  had  been  very  extensive.  Careful  examination  of 
the  area  failed  to  discover  any  direct  muscular  continuity  between  the 
segments  of  the  ventricle.  The  fact  that  this  area  was  twice  subjected  to 
pressure  before  examination,  made  it  impossible  to  determine  the  degree  of 
injury  after  the  first  pressure.  Slight  muscular  continuity  may  have  existed 
between  the  segments  prior  to  pressure  being  apphed  for  the  second  time. 

At  the  auriculo-ventricular  groove  a  considerable  amount  of  laceration 
of  the  tissues  had  occurred  but  not  sufficient  to  separate  completely  the 
auricles  from  the  ventricle. 

10.  At  240  hours.  All  the  hearts  showed  the  Cjuiescent  apex.  Additional 
observations  were  made  on  one  heart.  It  Avas  found  that  when  pressure  was 
applied  along  the  auriculo-ventricular  groove  a  contraction  immediately 
succeeded  by  dilatation  SAve23t  over  the  entire  ventricle.  Pressure  Avas  next 
applied  between  the  auriculo-A'entricular  grooA^e  and  the  operatiA^e  line  of 
pressure  and  again  a  AAaA'e  of  contraction  folloAAed  by  dilatation  SAvept  over 
the  heart.  After  this  passed  it  was  seen  that  the  apical  segment  distal  to  the 
third  line  of  pressure  had  stopped  contracting  AAhile  pulsations  continued 
in  the  basal  ventricular  segment.  Histological  examination  of  this  heart 
shoAA'ed  complete  separation  of  the  muscular  tissue  along  the  operatiA'e  line 
of  pressure.  Along  both  the  second  and  third  lines  haemorrhage  masked  the 
appearances  so  that  it  AAas  impossible  to  ascertain  exactly  the  extent  of 
injury. 

11.  At  264  hours.  The  apical  segments  Avere  in  each  case  quiescent 
and  displaA^ed  the  usual  characteristics.  The  folloAving  obserA-ations  Avere 
made  on  one  heart.  Pressure  Avas  made  along  the  auriculo-A^entricular 
grooA^e  Avith  the  result  that  absolute  stoppage  of  movement  occurred  OA^er 
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the  auricles  and  basal  portion  of  the  ventricle.  The  basal  ventricular 
segment  gradually  resumed  pulsation  and  was  followed  a  little  later  by  the 
auricles.  After  a  short  time  the  normal  rhythm  of  auricles  and  ventricles 
was  resumed.  It  was  also  noticed  that  stimulation  applied  to  the  apical 
segment,  after  pressure  had  been  applied  along  the  auriculo-ventricular 
groove,  sometimes  resulted  in  a  contraction  which  spread  upwards 
to  the  basal  portion  of  the  ventricle  beyond  the  original  line  of 
pressure. 

Histologically  no  muscular  continuity  was  found  between  the  basal  and 
apical  ventricular  segments  separated  by  the  original  hne  of  pressure.  At 
the  auriculo-ventricular  groove  the  injury  to  the  tissues  was  not  sufficient 
to  separate  completely  auricles  from  ventricle. 

12.  Two  frogs  survived  operation  for  four  weeks.  ^ATien  the  hearts 
were  exposed  the  ventricular  apex  was  found  in  both  cases  to  be  quiescent. 
The  hne  of  pressure  was  easily  recognised,  while  both  apical  segments 
presented  a  somewhat  shrivelled  appearance.  Histological  examination  of 
one  heart  showed  complete  alteration  in  the  structure  and  appearance  of  the 
muscle  of  the  apical  segment.  Along  the  line  of  pressure  and  distal  to  it 
were  numerous  fibroblasts,  while  the  muscular  tissue  of  the  apex  was  replaced 
almost  completely  by  fibrous  tissue, 

13.  In  one  case  a  frog  hved  six  weeks  after  operation.  When  the 
heart  was  exposed  the  same  condition  as  that  described  at  four  weeks  was 
found.  The  apical  segment  was,  however,  very  much  shrivelled,  while  the 
line  of  pressure  was  recognised  as  a  cicatrical  band  along  the  most  distal 
portion  of  the  pulsating  segment  of  the  ventricle.  On  histological 
examination  it  was  found  that  the  apical  segment  was  composed  of  fibrous 
tissue  which  had  almost  completely  replaced  the  muscular  tissue. 


IV.      Discussion  of  results. 

It  is  evident  that  pressure  apphed  transversely  to  the  ventricle  may  be 
sufficient  to  prevent  the  propagation  of  contraction  from  one  portion  of  the 
ventricle  to  another  as  shown  bv  Gaskell  and  others.  This  block  mav  be 
partial  or  temporary,  as  is  shown  where  on  examination  of  the  hearts  at 
different  periods  after  operation,  contractions  are  seen  passing  to  the  apical 
segment  across  a  portion  of  the  line  along  which  pressure  had  been  applied, 
or  across  the  whole  length  of  this  hne  with  little  or  no  delav.  Histolocrical 
examination  shows  definitely  that  in  these  instances  the  muscular  tissue  of  a 
segment  of  the  line  of  pressure  has  escaped  severe  injury  and  serves  as  a  hnk 
between  the  basal  and  apical  segments  transmitting  contractions.  In  other 
cases  the  muscular  tissue  along  the  whole  line  of  pressure  has  escaped  severe 
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injury  with  the  result  that  transmission  of  contractions  is  httle  if  at  all 
interfered  with. 

In  most  of  the  cases,  however,  the  apical  segment  distal  to  the  line  of 
pressure  does  not  beat  again  and  this  is  shown  histologically  to  be  associated 
with  complete  or  all  but  complete  laceration  of  the  muscular  tissue  along 
this  hne.  In  all  cases  the  pressure  exerted  on  the  ventricle  at  the  time  of 
operation  was  sufficient  to  cause  cessation  of  contraction  in  the  apical 
segment. 

Where  the  frogs  survive  the  operation  for  four  and  six  weeks  the  apical 
segment  in  addition  to  being  ciuiescent  has  undergone  a  degenerative 
change  appreciable  to  the  naked  eye  by  its  shrivelled  appearance,  and 
histologically  by  the  substitution  of  fibrous  for  the  muscular  tissue  of 
the  segment. 

Up  to  eleven  days  after  operation  the  excitabihty  of  the  apical  segment 
is  retained. 

Mechanical  or  electrical  stimulation  promptly  elicits  contractions  which 
are  limited,  in  the  case  of  ciuiescent  apical  segments,  by  the  line  of  pressure. 
These  contractions  may  be  elicited  so  as  to  demonstrate  a  definite  rhythm 
which  varies  in  different  animals  and  bears  no  relationship  to  the  rhythm 
of  the  basal  portion  of  the  ventricle. 

When  contraction  of  the  apical  segment  is  mechanicallj'  induced  so  as 
to  synchronise  with  the  contraction  of  the  basal  segment  the  blood  is  forced 
out  of  the  whole  heart  and  the  apical  segment  remains  contracted  until  the 
basal  dilatation  has  distended  that  part  with  blood.  Basal  contraction  now 
forcibly  dilates  the  apex  with  blood  and  the  apex  does  not  contract.  Where 
apical  contraction  coincides  with  basal  dilatation,  the  subsequent  basal 
contraction  fills  the  apical  segment  with  blood,  and  the  sudden  great  increase 
of  pressure  in  the  apical  part  acts  as  a  sufficient  stimulus  to  cause  a  further 
single  apical  contraction. 

In  an  instance  where  a  heart  was  examined  nine  days  after  operation, 
while  the  apical  segment  was  quiescent  when  exposed,  yet  after  pressure 
had  been  applied  along  the  auriculo-ventricular  groove  stimulation  of  the 
basal  portion  of  the  ventricle  was  sometimes  followed  by  a  wave  of  contraction 
spreading  to  the  apical  segment.  Pressure  made  along  the  original  hne  of 
pressure  was  followed  by  a  slowly  recurring  pulsation  of  two  beats  in  thirty 
seconds  in  the  apical  segment. 

In  a  heart  examined  ten  days  after  operation  a  wave  of  contraction 
was  seen  to  pass  over  the  whole  heart,  apical  segment  included,  on  pressure 
being  made  along  the  auriculo-ventricular  groove  and  midway  between  it 
and  the  original  line  of  pressure.  But  no  resumption  of  pulsation  was  seen 
in  the  apical  segn.ent.  Further,  in  a  heart  examined  after  eleven  days  and 
in  which  the  apical  segment  was  quiescent,  it  was  found  that  stimulation  of 
this  segment  after  pressure  had  been  made  along  the  auriculo-ventricular 
line  was  sometimes  followed  by  a  contraction  which  spread  u})wards  to  the 
basal    segment.     In    all    these    cases    histological    examination    showed    no 
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muscular  continuity  between  the  basal  and  apical  ventricular  segments. 
The  contraction  seen  in  the  apical  segment  of  the  heart  after  nine  days 
was  evidently  not  due  to  an  intra-apical  nerve  mechanism  since  it  Avas  only 
produced  after  pressure  had  been  apphed  to  certain  other  parts  of  the  heart ; 
in  the  second  case  the  wave  of  contraction,  described  as  occurring  in  the 
apical  segment,  was  momentary  and  associated  with  severe  pressure.  In 
a  third  case  there  was  spread  of  contraction  induced  in  the  apical  segment  to 
the  basal  ventricular  segment  after  auriculo-ventricular  pressure.  Although 
these  three  cases  are  recorded  in  frogs  kept  nine,  ten,  and  eleven  days  after 
operation,  the  conditions  are  not  characteristic  of  all  hearts  at  these  periods 
after  operation  ;  it  seems  probable  that  the  phenomena  described  are  due  to 
fibrous  connections  or  to  mechanical  factors  such  as  changes  in  ventricular 
pressure  induced  by  pressure  along  the  auriculo-ventricular  groove.  Pressure 
applied  along  the  auriculo-ventricular  groove  in  the  case  of  hearts  examined 
from  one  to  eight  days  after  operation  is  in  no  case  followed  by  any  such 
phenomena. 


Summary. 

1.  When  the  apical  two-thirds  of  the  ventricle  is  completely  separated 
from  the  basal  third  as  proved  by  histological  examination,  no  recurrence 
of  apical  contraction  takes  place. 


2.  "\ATien  the  apex  contracts  after  being  separated  from  the  basal 
segment  by  a  line  of  crush,  histological  examination  shows  that  muscular 
continuity  has  not  been  completely  destroyed. 


3.  In  three  instances  severe  pressure  apphed  at  the  A-  V  groove  some 
time  after  the  operation  caused  a  series  of  contractions  of  the  whole 
heart. 


4.  In  hearts  left  for  periods  of  four  and  six  weeks  the  muscular  tissue 
of  the  apical  segment  was  largely  replaced  by  fibrous  tissue. 

The  experimental  part  of  this  work  was  done  by  Dr.  G.  H.  Clark.  We 
acknowledge  our  deep  indebtedness  to  Professor  Noel  Paton  for  guidance 
and  encouragement  in  the  work. 


A  grant  was  received  from  the  Carnegie  Trust  to  defray  the  expenses 
of  this  research. 
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THE  TIME  RELATIONS  OF  HEART  SOUNDS  AND  MURMURS, 
WITH    SPECIAL    REFERENCE     TO     THE     ACOUSTIC    SIGNS     IN 

MITRAL    STENOSIS. 

By  THOMAS  LEWIS.* 

{From    the    Cardiographic     Department,     University    College     Hospital 

Medical  School). 

Method. 

In  any  present  day  investigation  in  which  the  time  relations  of  events  in  the 
human  heart  cycle  are  studied,  the  electrocardiogram  is  the  most  accurate 
standard  of  reference.  In  choosing  this  method  of  timing  the  heart  sounds, 
I  follow  the  lead  of  Kalin,^^  Fahr'^  and  others  ;  but  in  preference  to  uniting 
heart  sounds  and  electrocardiograms  and  subsequently  unravelling  the 
combined  picture,  the  less  laborious  and  more  accurate  method,  recently 
adopted  by  Bull,^  of  recording  the  two  pictures  separately  and  simultaneously 
on  a  single  photographic  plate  has  been  employed. 

For  the  electrocardiograms,  the  usual  installation  has  been  utilised, 
and  the  curves  have  been  taken  from  the  obhque  lead,  the  right  arm  and  the 
left  leg.  This  lead  has  been  chosen  because  in  standard  curves  the  average 
excursion  is  greatest  and  because  T  is  usually  a  prominent  and  upwardly 
directed  summit. 

To  record  the  heart  sounds  I  have  adopted  the  method  of  Einthoven,* 
utilising  a  second  string  galvanometer  and  projecting  the  images  of  the  two 
strings,  side  by  side,  upon  the  same  camera.  The  heart-sound  galvanometer 
is  connected  to  the  secondary  coil  of  a  simple  transformer  (5,300  ohms.), 
whose  primary  coil  (10  ohms.)  is  in  series  with  a  graduated  resistance  (70  ohms.), 
a  microphone  and  cell.  The  microphone  receiver  consists  of  the  chest  piece 
of  a  stethoscope  joined  to  the  microphone  by  a  short  length  of  thick-walled 
rubber  tubing,  the  latter  having  a  side  opening  communicating  freely  with 
the  air  of  the  room.  The  electrocardiographic  curves  are  taken  with  the 
string  at  such  a  sensitivity  as  to  yield  an  excursion  of  3  cm.  to  3  millivolts, 
the  usual  amplitude.  The  tension  of  the  second,  or  heart-sound  string,  is 
greater,  giving  a  deflection  of  only  1  cm.  to  4  millivolts  when  sounds  of  normal 
intensity  are  recorded. -j-  In  cases  of  mitral  stenosis  the  apical  sounds  are 
so  intense  that  a  tighter  string  is  sometimes  employed.     No  attempt  has  been 

*  Aided  by  a  grant  from  the  British  Medical  Association.     A  preliminary  notice  of  this  work 
appeared  in  the  British  Medical    Journal,  December,  1912. 

t  The  deflection  time  of  the  string  is  then  about  -004  seconds  for  1  centimetre  excursion. 
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made  to  standardise  the  amplitude  of  the  sound  record,  for,  in  the  first  place, 
different  standards  would  be  required  for  different  types  of  case,  and,  in  the 
second  place,  it  has  been  found  impracticable,  so  far,  to  keep  the  factors 
constant.  Displacement  of  the  chest  receiver  a  fraction  of  an  inch  to  one 
or  other  side,  and  especially  change  in  the  pressure  with  which  the  receiver 
is  applied  to  the  chest  wall,  profoundly  affect  the  amplitude  of  the  sound  record. 
So,  as  the  primary  object  of  the  work  was  to  investigate  the  time-relations 
of  the  auscultatory  signs,  the  excursion  was  arranged  so  as  to  be  convenient 
for  measurement.  As  has  been  stated,  in  taking  records  of  the  intense 
apical  sounds  of  mitral  stenosis  a  smaller  sensitivity  has  been  employed. 
It  is  possible  therefore  that  in  this  condition  certain  of  the  smaller  sound 
vibrations  escape  detection,  but,  as  will  be  seen,  this  possibility  does  not 
materially  affect  the  final  conclusions. 

The  transmission  delay  of  the  phono-electrocardiograph  has  been 
calculated  by  simultaneously  recording  the  sound  and  current  yielded  by  a 
simple  contract.  It  amounts  to  -002  seconds,  an  almost  negligible  quantity  ; 
this  quantity  has  been  allowed  for  in  the  tables  which  follow.  For  all  practical 
purposes  the  records  may  be  regarded  as  simultaneous. 

The  primary  object  of  the  work  has  been  the  study  of  the  position  of  the 
diastolic  murmurs  in  mitral  stenosis,  relative  to  other  cardiac  events  ;  but 
in  pursuing  this  subject  it  was  considered  desirable  to  study  further  the 
relation  of  the  electrocardiograph  to  the  heart  sounds  in  the  normal  subject. 

The  normal  heart  sounds,  their  relation  to  the  electrocardiogram,  and  the  relation 

of  both  to  systole  of  the  ventricle. 

The  standard  chosen  being  the  electrocardiogram,  our  previous  knowledge 
of  its  time  relations  to  other  cardiac  events  may  be  summed  up.  Kahn^^ 
recorded  the  rise  of  pressure  in  the  left  ventricle  as  beginning  at  the  end  of  the 
summit  B  in  dogs.  In  curves  from  the  muscle  of  the  ventricle  he  found  the 
first  indication  of  contraction  0-031-0035  seconds  after  the  beginning  of  R* 
(about  1/100  seconds  earlier  than  the  estimate  for  the  rise  of  pressure).  He 
concludes  that  the  mechanical  shortening  of  the  front  of  the  right  ventricular 
wall  begins  at  the  least  0-03  seconds  later  than  the  upstroke  of  R  (lead  //), 
but  for  several  reasons  he  is  of  opinion  that  the  interval  between  R  and  the 
commencement  of  the  contraction  in  the  deeper  lying  muscle  is  much  less 
than  this  interval.  My  own  measurements  for  dogs,  taken  in  a  similar  fashion, 
agree  ;  in  these  the  shortening  of  the  ventricular  wall  commences  between 
•030--033  seconds  after  R,  where  this  peak  opens  the  ventricular  electro- 
cardiogram. 

The  most  satisfactory  comparison  for  our  present  purposes,  and  the  only 
one  in  man,  is  that  between  electrocardiogram  and  heart  sounds.  It  places 
the  commencement  of  contraction  earlier. 

*  The  total  dtiration  of  R  is  variable  but  may  be  stated  as  usually  reaching  three  or  four 
hundredths  of  a  second. 
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Kahn  finds  the  commencement  of  the  first  sound  with,  or  -01  seconds 
before,  the  end  of  B.  Fahr,''  using  superimposed  records  wliich  were 
particularly  clear  and  accurate,  places  it  earher  and  finds  that  it  usually 
precedes  the  summit  of  R  by  -01  seconds,  though  it  may  be  with  or  slightly 
beyond  this  point.  Fahr  laid  especial  emphasis  upon  small  initial  sound 
vibrations  which  were  obscured  in  Kahn's  records. 

The  second  sound  is  found  by  Kahn  to  fall  approximately  -03  seconds 
after  the  end  of  T,  while  Fahr  makes  the  same  interval  ■01-02  or  even 
less. 


Table  I. 


Heart 
rate. 

Begiuuina 

ot  Qto" 

1st  sound." 

Beginning 

of  R  t<j 
1st  souml.' 

Length  of 
1st  sound. 

End  of 
rto  2nd 
sound.' 

Length  of 
2nd  sound. 

Frequency  of 
Vibration. 

1st  sound. 

2nd  sound. 

D. 

1  7 

0039 

0026 

013 

0-0 

009 

68 

50 

P.  C.  G. 

77 

003G 

0026 

— 

-0-015 

— 

45 

64 

T. 

74 

Xo  Q 

0009 

015 

-0014 

Oil 

54 

54 

W.  H. 

100 

0015 

0008 

0-16 

00 

012 

53 

65 

J.  R.  Y. 

95 

XoQ 

0-005 

0-19 

0-002 

0-08 

59 

43 

A.  P. 

108 

0012 

0006 

014 

0-005 

— 

58 

53 

W.  J.  P. 

7.  J 

No  Q 

0015 

014 

0-0 

007 

68 

64 

G.  R.  M. 

68 

0015 

0-005 

0-15 

— 

008 

47 

63 

J. 

81 

0011 

0002 

0-13 

— 

— 

61 

68 

P. 

72 

0024 

0-011 

0-14 

0-005 

007 

57 

50 

F. 

102 

Xo  Q 

0-026 

012 

0-0 

0-09 

50 

86 

T.  L. 

90 

0-028 

0-018 

0-13 

-0-013 

0-08 

48 

40 

L.  L. 

78 

0013 

0-008 

0-15 

0019 

013 

57 

40 

G.  S. 

90 

0025 

0018 

0-14 

0-028 

0-09 

70 

62 

H. 

75 

0030 

0025 

0-13 

-0-035 

007 

61 

43 

*  So  far  as  the  commencement  of  sounds  is  concerned  the  error  is  probablj'  not  greater  than 
.005  seconds.  The  variability  in  the  length  of  sounds  introduces  a  larger  error  in  the  corresponding 
meastorements. 

^ly  own  heart  sound  curves  were  taken  from  23  young  male  subjects  ; 
the  curves  in  15  of  these  were  relatively  free  from  extraneous  sound 
vibrations,  and  the  measurements  are  given  in  Table  I,  from  which  all  data 
have  been  excluded  where  the  initial  sound  vibrations  were  not  clearly 
distinguishable.  The  measurements  were  made  upon  the  original  curve 
magnified  some  thirty  diameters  uj^on  an  epidiascopic  screen  ;  each  figure 
in  the  table  is  an  average  of  three  measurements. 
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The  measurements  of  Table  I  are  in  agreement  with  those  of  Fahr. 
The  first  sound  begins  from  -002  to  -026  sec.  after  the  commencement  of 
R,  or  from  -Oil  to  -039  sec.  after  the  commencement  of  Q.  The  second 
sound  is  also  variable  in  position  in  relation  to  the  end  of  T,  but  seems  often 
to  be  earlier  than  has  hitherto  been  supj^osed.  It  may  start  as  much  as 
•035  sec.  before  the  end  of  T  or  it  may  be  as  late  as  -028  sec.  after  the  end 
of  T.  As  a  rule  it  begins  at  the  end  of  T  or  within  a  hundredth  of  a  second 
of  it. 

Thus  there  is  general  agreement  that  the  earhest  sign  of  contraction  in 
the  ventricle  (other  than  the  electrocardiograpliic),  namely  the  commencement 
of  the  first  sound,  occurs  from  one  to  three  hundredths  of  a  second  later 
than  the  commencement  of  R.  We  may  take  two  hundredths  as  an  average 
and  the  instant  arrived  at  "snll  represent  the  commencement  of  systole  with 
a  greatest  error  of  two  hundredths  of  a  second.  Similarly  the  end  of  sj^stole 
may  be  taken  as  occurring  where  T  meets  the  base  line,  and  the  error  is 
no  greater  than  three  hundredths  of  a  second.  Usually  the  errors  will  be 
much  smaller.  An  electrocardiogram,  in  which  the  summits  of  R  and  T 
are  conspicuous,  is  therefore  an  extremely  valuable  standard  from  which  the 
onset  and  offset  of  systole  may  be  estimated.  Examples  of  normal  heart 
sounds  are  shown  in  Fig.  1. 

The  third  heart  sound.  A  third  heart  sound  was  discovered  by  A.  G. 
Gibson^i  a  few  years  ago,  and  Einthoven*  found  it  in  records  from  normal 
subjects.  It  is  a  dull  and  distant  sound,  occurring  for  the  most  part  when  the 
heart  beats  slowly  ;  it  is  audible  and  can  be  recorded  over  only  a  relatively 
small  percentage  of  hearts.  Einthoven's  measurement  placed  its 
commencement  at  a  distance  of  -13  seconds  from  the  commencement  of  the 
second  sound.  My  own  collection  of  normal  curves  contains  only  a  single  notable 
example  of  it  (Fig.  2)  ;  in  this  instance  it  also  lies  -13  seconds  from  the  second 
sound  and  consists  of  a  single  and  complete  vibration  ;  a  trace  of  a  similar 
sound  is  found  in  several  other  curves  of  the  normal  series  (see  Fig.  1). 

Acoustic  signs   in   mitral  stenosis. 

The  murmurs  of  mitral  stenosis  vary  both  in  character  and  in  their  time 
relations  to  other  events  of  the  cardiac  cycle.  In  the  first  place  we  may 
examine  the  simple  murmurs  which  are  associated  with  a  regular  heart 
action  and  a  normal  sequence  of  chamber  contraction. 

The  time  relation  of  the  so-called  'presystolic  murmur.  It  has  been  an 
almost  universal  custom  to  term  the  common  murmur,  which  characterises 
mitral  stenosis,  the  presystolic  murmur,  but  it  is  probable  that  it  is  generally 
recognised  at  the  bedside  not  so  much  by  its  position  in  the  cycle  as  by  its 
character.  Called  presystolic,  it  is  generally  believed  to  be  presystolic  in 
time  ;  yet  from  time  to  time  its  actual  position  in  the  cycle  has  been  hotly 
contested.     I  do  not  proj)ose  to  pursue  a  discussion,  which  at  the  advent  of 
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sound  records  has  become  almost  purely  historical.*  Let  us  take  a  series  of 
patients  presenting  themselves  at  a  general  out-patient  department  with 
signs  of  mitral  stenosis,  and  sort  from  them  those  whose  hearts  beat  regulariy 
and  in  whom  we  hear  at  the  apex  beat  a  low  pitched  rasping  murmur  which 
leads  up  to  a  loud  ringing  sound.  The  murmur  will  be  accompanied  as  a  rule 
by  a  jjalpable  thrill.  These  cases  will  form  the  greatest  part  of  the  whole 
series  ;  the  signs  are  those  of  a  funnel  shaped  or  ''■  button-hole  "  orifice.  The 
first  question  which  we  will  ask  of  the  phonogram  is  the  relation  of  this 
murmur  to  the  other  events  of  the  cardiac  cycle. 

I  have  taken  ten  such  cases  and  the  analyses  of  the  curves  are  to  be  found 
in  Table  II.  Records  of  the  sounds  were  obtained  at  two  points  :  (1)  a  low 
point  near  the  nipple  hne  at  which  the  murmur  was  loudest  and  where  it 
tended  to  be  localised  (apical  curve),  and  (2)  the  nearest  point  to  the  apical 
one  at  which  no  trace  of  such  murmur  could  be  heard  and,  for  preference, 
at  which  both  first  and  second  sounds  were  clearly  audible  (control  curve). 
These  points  have  naturalh*  varied  ;  the  first  lying  in  the  fourth,  fifth  or 
sixth  interspace,  three,  four  or  five  inches  from  the  mid-hne  ;  the  second 
lying  in  the  same  spaces  nearer  the  middle  line,  over  the  ensiform  cartilage 
or  at  times  in  the  third  left  interspace.  The  object  has  been  to  compare, 
so  far  as  possible,  the  relations  of  the  murmur,  not  only  to  the  electrocardio- 
gram, but  also  to  the  first  and  second  sound  in  the  same  case  (see  Fig.  3  and  4). 
In  the  apical  column  of  Table  II,  I  give  the  length  of  the  gap  between  second 
sound  and  murmur,  the  length  of  murmur  -1-  first  sound  (or,  where  there  is  no 
gap,  the  total  length  of  second  sound,  murmur  and  first  sound),  and  lastly  the 
interval  between  the  beginning  of  the  murmur  and  R.  In  the  control  column,  I 
give  the  position  of  the  first  and  second  sounds  and  their  lengths  ;  and  also 
the  length  of  the  murmur,  as  calculated  by  subtracting  the  length  of  first 
sound,  or  first  and  second  sound  as  the  case  may  be,  from  the  totals  in  the 
apical  column.  In  this  manner  and  by  a  careful  comparison  of  the  two 
curves,  the  first  and  second  sounds  in  what  is  termed  the  apical  curve  may 
usually  be  identified  with  considerable  accuracy,  and  the  second  sound, 
murmur  and  first  sound  in  a  given  cycle  may  be  mapped  out.  Comparing 
the  position  of  the  first  sound  in  the  control  curve  and  that  of  murmur  -|- 
first  sound  in  the  apical  curve,  the  combined  sound  is  naturally  the  longer, 
and  the  lengthening  is  always  the  result  of  an  extension  towards  presystole. 

The  relations  have  been  constant  in  one  respect  ;  the  apical  curve  shows 
a  sound  of  considerable  amphtude  running  up  to  the  first  sound. 
A  murmur  having  generally  a  rather  greater  vibration  frecj^uencyj  than  has 


*  Other  workers  have  recorded  this  raurmur'" ;  but  the  records  obtained  have  not  been  easy 
to  decipher. 

t  The  frequenc\-  of  vibration  of  the  first  sound  is  in  my  normal  series  from  45  to  "0  per 
second,  of  the  second  sound  from  40  to  86,  while  that  of  the  murmur  is  from  41  to  107  per 
second,  the  averages  being,  first  sound  57-0,  second  sound  56-3  and  murmur  68-5  (see  Tables). 
The  measurements  included  all  the  \'ibrations  corresponding  to  sound  or  murmur.  I  use  the 
sounds  of  the  normal  curve  in  preference  to  those  of  the  mitral  stenosis  cases,  because  the  latter 
are  so  often  comphcated  by  systohc  murmur  \'ibrations.  The  frequencies  of  the  sounds  in  the 
mitral  stenosis  series  are  given  in  Table  II. 
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the  first  sound  is  seen  to  occupy  the  period  direct!}'  preceding  the  first  sound 

in  the  same  case.     So  far,  it  may  be  rightly  termed  a  presystoHc  murmur. 

Its  relation  to  the  electrocardiogram  is  the  expected  one.     The  first  sound 

in  these  cases  occupies  similar  positions  to  the  normal,  as  may  be  seen  in  the 

tables  ;    it  commences  from  two  to  four  hundredths  of  a  second  after  the 

commencement  of  ^  ;  it  may  be  a  little  further  away  from  R  than  in  normal 

cases,  at  the  most  by  one  or  two  hundredths  of  a  second,  but  not  more  so 

than  is  fully    accounted  for  b}'   the    loss    of    the    initial    vibrations  ;    these 

necessarily  cannot  be  discovered  except  they  are  preceded  by  a  stead}'  line.* 

Tracing  it  backwards,  the  murmur  lies  opposite  the  upstroke  of  E  and 

opposite  the  electric  complex  which  represents  the  contraction  of  the  auricle. 

How  far  back  does  it  extend  ?     This  is  variable,  according  to  the  length  of 

the  murmur  and  the  length  of  diastole.     In  half  the  cases  tabulated  the  end 

of  the  second  sound  and  the  commencement  of  the  murmur  cannot  be  clearly 

dissociated.     The  murmur  occupies  the  whole  of  diastole.     (Fig.  3  and  6). 

In  the  remaining  half  a  short  gaj)  occurs  between  second  sound  and  murmur. 

The  length  of  the  murmur  varies  from  -06  to  -25  seconds,  the  average  length 

being  -16  seconds.     It  begins  from  -06  to  -22  seconds  before  R-f  ;   the  average 

interval  is  approximately  -14  seconds.     Where  there  is  a  gap  between  second 

sound  and  murmur  it  has  usually  been  small,  amounting  to  from  -03  to  -07 

seconds  (Fig.  5  and  7). 

Thus  we  may  conclude  that  in  cases  of  mitral  stenosis,  where  the  heart 
beat  is  regular  and,  as  is  common,  somewhat  accelerated,  the  whole  or  greater 
part  of  diastole  is  usually  filled  by  the  murmur.  It  is  noteworthy  that  in 
many  of  these  cases  the  summit  P  falls  back  upon  the  preceding  T  or,  what 
is  equivalent,  the  whole  of  diastole  is  occupied  by  auricular  systole.  J 

The  jDatients  of  whom  I  have  so  far  sj)oken  were  unselected,  except  in 
so  far  as  anything  but  regularity  of  action  was  concerned  ;  they  may  be 
regarded  as  exemplifying  the  stage  of  the  valve  defect  at  which  the  working 
class  patient  usually  seeks  treatment. 

I  have  specially  selected  two  other  patients  in  whom  the  signs  were  less 
conspicuous  (Table  III).  In  both  of  these  cases  the  murmur  was  extremely 
short.  In  one,  although  the  heart  rate  was  accelerated,  the  murmur  occupied 
only  the  last  -07  sec.  of  diastole.  In  the  other  the  murmur  was  scarcely 
perceptible  in  the  sitting  posture,  the  posture  adopted  while  the  curves  were 
taken.  The  apical  and  control  curves  are  shown  (Fig.  8  and  9)  ;  in  the  former 
the  oscillations  begin  -05  sec.  earlier  than  those  of  the  first  sound  in  the  control, 
commencing  about  a  hundredth  of  a  second  before  i?  and  a  few  thousands 
of  a  second  before  Q. 

*  The  initial  vibrations  are  often  lost  (1)  because  the  murmur  masks  them  and  (2)  because 
towards  the  base  of  the  heart  the  breath  soimds  are  often  harsh  and  the  breathmg  cannot  as  a 
rvile  be  suspended  ui  these  cases  for  any  length  of  time.  The  initial  vibrations  are  also  but  poorly 
conducted  to  this  region  according  to  Falir. 

t  The  actual  position  may  vary  a  good  deal  from  cycle  to  cycle  ;  the  figures  given  are 
averages. 

i  Auricular  systole  begins,  at  the  latest,  -03  see.  after  the  upstroke  of  P  ;  it  ends,  when  there 
is  no  heart -block,  at  the  commencement  oi  ventricular  systole. 
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Thus  it  appears  that  the  shortest  murmurs  are  confined  to  presystole,  but 
that  the  longer  ones  stretch  back  further  and  further  into  diastole,  filling  it 
when  the  diastole  is  short,  and  either  filling  it,  or  more  commonly  just  failing 
to  fill  it,  when  the  diastole  is  longer. 

The  characters  of  these  murmurs  are  variable,  where  they  have  the 
rushing  cjuality  to  the  ear,  the  vibrations  are  more  frequent,  where  they  are 
low  pitched  and  rumbling,  the  frequence  is  less  and  approaches  very  nearly 
to  the  frequency  of  the  first  sound.  In  my  records  I  see  murmurs  which 
increase  in  amplitude  (Fig.  9),  and  others  which  decrease  in  amplitude  as  they 
progress  (Fig.  7)  ;  the  majority  show  little  change  (Fig.  3)  or,  increasing  a 
little  at  first,  they  decrease  subsequently  (Fig.  6).  Thus  a  conspicuous 
crescendo  is  present  only  exceptionally,  and  so  infrequently  that  I  think  it 
evident  that  it  is  rarely  formed  by  the  murmur  alone.  The  murmur 
oscillations  are  generally  of  smaller  amplitude  than  those  of  the  first 
sound  ;  the  crescendo  which  is  audible  is  made  up  of  murmur  and  first  sound. 

The  murmurs  of  mitral  stenosis  ivhen  auricular  fibrillation  is  present. 
Mitral  stenosis  is  a  condition  in  which  the  murmurs  often  change  both  in 
character  and  position  ;  they  change  especially  when  the  heart  becomes 
irregular. 

Mackenzie  11  was  investigating  a  curious  form  of  heart  irregularity, 
which  he  had  isolated  and  which  is  commonly  associated  with  mitral  stenosis. 
This  irregularity  he  termed  at  a  later  date  "  nodal  rhythm,"  largely  because 
he  could  find  no  evidence  of  the  auricular  contraction  in  presystole  ;  subsequent 
inquiry  has  proved  it  to  be  the  result  of  auricular  fibrillation.  It  should  be 
clearly  understood,  therefore,  that  Mackenzie's  original  description  applies 
to  the  changes  in  the  murmurs  when  fibrillation  (or  what  he  terms  "  nodal 
rhythm")  develops.  Mackenzie's  chief  statement  is  that  the  presystolic  murmur 
vanishes  at  the  onset  of  the  irregularity.*  Now  while  the  general  truth  of  this 
statement  has  received  wide  acceptance,  yet  a  good  deal  of  misconception  has 
arisen,  despite  the  repeated  and  detailed  statements  which  have  been 
made.i**  ^^  The  difficulty  has  been,  and  still  is,  that  a  simple  statement  is 
insufficient.  It  is  perfectly  true  that  there  may  be  a  murmur  in  presystole 
while  the  auricle  is  fibrillating,  but  it  is  equally  true  that  the  murmur  does  not 
belong  properly  to  presystole,  though  it  may  extend  into  it  and  even  fill  it. 
The  m,urmur  is  not  found  in  presystole  while  the  remaining  portions  of  diastole 
are  free  from  it.  My  remarks  are  based  upon  the  auscultatory  phenomena 
in  scores  of  patients  and  upon  the  phono-electrocardiograms  in  nine  cases. 

When  the  auricles  fibrillate  the  ventricle  beats  rapidly  and  irregularly, 
and  so  the  lengths  of  diastole  are  very  variable.  If  the  stenosis  is  of  high 
grade  and  the  heart  beats  sufficiently  rapidly,  then  the  murmur  may  fill 
diastole  in  each  cycle  (Fig.  10).  But  if  a  sufficiently  long  diastole  occurs 
or  if,  as  a  result  of  treatment,  the  heart  rate  falls  sufficiently,  it  becomes 

*  Fagge,  writing  in  1871,  stated  that  in  a  large  proportion  of  cases  of  mitral  stenosis  in  which 
no  murmur  was  detected,  the  pulse  was  very  rapid  and  irregular. 
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perfectly  patent  that  the  murmur  has  no  fixed  relation  to  the  first  sound,  but 
that  it  has  a  fixed  relation  to  the  second  sound.*  In  the  long  diastole  a 
gap  appears  between  the  murmur  and  the  first  sound.  I  publish  a  second 
curve  (Fig.  11),  taken  from  the  same  subject  after  treatment  with  digitalis  ; 
the  heart  rate  has  become  much  slower,  but  it  remains  irregular.  During  the 
shortest  diastole  in  this  photograph  the  relations  of  the  murmur  are  precisely 
the  same  as  those  seen  in  Fig.  10.  But  in  the  remaining  diastoles  the  murmur 
tails  away  and  the  curve  is  unbroken  by  oscillations  for  a  variable  period 
until  the  pause  {p)  is  terminated  by  the  abrupt  onset  of  the  succeeding  first 
heart  sound.  When  the  heart  rate  is  lower  still,  the  beats  are  often  in 
couples,  constituting  the  now  well  recognised  digitalis  bigeminy  (Fig.  12, 
from  the  same  case).  After  the  second  beat  of  each  couple  the  diastole  is  of 
unusual  length,  and  it  is  occupied  by  a  diminuendo  murmur  commencing 
in  early  diastole.  The  heart  is  silent  during  the  periods  immediately  preceding 
the  first  sound  ;  it  is  in  such  hearts  that  it  may  be  said  without  qualification, 
there  is  no  presystolic  murmur.  The  same  relations  of  the  murmur  are  to  be 
seen  in  the  phono-electrocardiograms  of  my  other  jDatients  and  I  show  another 
example  in  Fig.  13.     The  control  curve  is  shown  in  Fig.  14. 

There  are  several  features  of  this  early  diastolic  murmur  which  are  of 
diagnostic  importance,  helping  to  distinguish  it  from  the  early  diastohc 
murmur  of  aortic  disease. f  It  has  the  same  relatively  slow  frequence  of 
vibration  as  have  the  other  murmurs  of  mitral  stenosis.  The  murmurs  of 
aortic  disease  are  generally  of  higher  pitch.  A  short  though  appreciable 
interval  is  often  apparent  between  the  murmur  of  mitral  stenosis  and  the 
preceding  second  sound;  this  is  seen  at  x  in  Fig.  11  and  13.  When  the 
interval  is  large  or  when  diastole  is  short,  its  presence  brings  the  murmur  into 
the  position  of  mid-diastole.  The  explanation  of  the  interval  will  be 
discussed  again. 

The  murmurs  of  mitral  stenosis  ichen  heart-block  is  present.  It  has  been 
stated  by  Mackenzie^^  that  when  the  As-Vs  interval  is  prolonged,  so  that 
there  is  a  distinct  intersystolic  gap,  the  position  of  the  murmur  which 
commonly  falls  in  presystole  alters,  and  that  it  becomes  more  mid-diastolic  in 
time  ;  that  is  to  say,  there  is  an  interval  of  silence  between  murmur  and 
first  sound.  The  same  conclusion  was  arrived  at  from  less  perfect  data  by 
Galabin.  His  curves  of  auricular  and  ventricular  contraction  were  taken 
from  the  apex  beat.  Cohn-^  has  reported  an  instance  of  heart-block,  in 
which  at  the  appearance  of  2  :  1  heart-block,  he  heard  two  murmurs  during 
each  diastole.  Personally,  I  have  made  many  observations  of  the  same  sort 
and  they  all  tend  to  support  the  view  that  the  positions  of  the  diastolic 

*  Galabin,'"  in  1875,  recorded  cases  of  mitral  stenosis  in  which  there  was  a  diastohc  murmur 
only,  and  stated  that  in  these  he  could  find  no  trace  of  auricular  contraction  in  cm-ves  taken  from 
the  apex  beat. 

t  The  common  view  that  aortic  regiu-gitant  murmvirs  may  be  heard  only  at  the  apex  beat 
requires  reconsideration.  It  is  a  view  for  which  these  early  mvirmurs  of  mitral  stenosis  are 
probably  largely  responsible  ;     thej'  are  often  mistaken  for  aortic  murmurs. 
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murmurs  of  mitral  stenosis  are  largely  controlled  by  the  positions  of  the 
auricular  systoles.  Thus  when  dropped  beats  are  present  in  mitral  stenosis, 
the  thrills  and  murmurs  occur  at  irregular  intervals,  sometimes  seeming  to 
precede  the  apex  thrust,  at  other  times  lying  in  early  or  mid-diastole  or 
disappearing  altogether.  It  is  well-nigh  impossible  to  accurately  time  either 
thrills  or  murmurs  in  relation  to  the  several  phases  of  diastole  when  the 
ventricle  beats  irregularly  ;  and  it  is  in  such  cases  that  simultaneous  electro- 
cardiograms and  heart  sound  records  should  be  of  especial  value. 

At  the  present  time  I  can  describe  only  a  single  case  of  the  kind.  When 
this  patient  first  came  under  observation  the  P-R  interval  measured  -22 
sec,  and  there  was  a  murmur  of  -13  sec.  duration  in  presystole  (Fig.  15). 
The  control  curve  is  shown  in  Fig.  16.  Under  digitalis  heart-block 
developed  and  two  mechanisms  were  exhibited. 

In  one  the  heart  action  was  regular  but  the  auricle,  instead  of  contracting 
in  presystole,  contracted  earlier  and  simultaneously  ^vith  the  ventricle 
(Fig.  17),  the  P-R  interval  being  -36  seconds.  The  accompanying  sounds 
were  curious.  The  first  and  second  sounds  were  heard,  and  also  a  brief 
sound  or  murmur  lying  apparently  in  mid-diastole.  The  sound  record 
(Fig.  17)  shows  a  large  first  sound,  a  small  second  sound  and  a  short  murmur 
in  mid-diastole.     The  presystolic  part  of  the  cycle  is  silent. 

In  the  other  the  heart  was  irregular  and  the  curves  obtained  were  extremely 
complex  (Fig.  18).  We  may  conveniently  describe  this  curve  by  numbering 
the  ventricular  cycles.  The  first  sound  is  seen  in  each  cycle,  but  it  varies  in 
amplitude ;  in  cycles  1  and  3  it  is  of  small  amplitude  and  both  the  corresponding 
ventricular  contractions  are  directly  preceded  by  auricular  contractions  ;  in 
cycles  2,  4  and  5,  the  first  sound  is  of  greater  amplitude,  and  here  the  auricular 
and  ventricular  contractions  are  simultaneous  ;  the  variation  in  amplitude 
is  ascribed  to  the  varying  relation  of  the  ventricular  to  the  auricular  systole 
(see  Griffith^^).  In  Fig.  17  where  the  two  systoles  are  always  synchronous, 
the  amj)litude  is  great  and  of  constant  amount.  The  second  sounds  of  Fig.  18 
are  all  small,  but  are  easily  distinguished  because  they  occupy  a  constant 
relation  to  the  first  sounds.  The  time  relations  of  the  murmurs  are  very 
variable.  A  presystolic  murmur  appears  on  two  occasions,  namely,  directly 
before  the  first  sound  of  cycles  1  and  3.  These  murmurs  correspond  to  the 
auricular  contractions  P^  and  P*.  There  are  early  diastolic  murmurs 
of  considerable  amplitude  and  of  the  diminuendo  type  in  cycles  1,  3  and  4  ; 
these  correspond  to  the  auricular  contractions  P^,  P^  and  P^.  In  cycles 
3  and  5  this  murmur  is  absent  and  the  auricular  contractions  P  and  P''  fall 
very  far  back  into  the  ventricular  systole.  I  have  described  a  single  curve, 
but  similar  events  are  seen  in  a  number  of  other  curves  from  the  same  case. 
There  seems  to  be  a  definite  relation  between  the  position  of  murmur  and 
auricular  systole.* 

*  The  single  inconsistencj-  is  in  tlie  after  events  of  P'  and  P'.  P'  is  followed  by  a  second 
sound  and  a  trace  of  murmur  ;  P''  by  a  second  sound  and  a  loud  early  diastolic  murmur.  The 
inconsistency  is  a  small  one  and  possibly  resulted  from  respiratory  interference. 
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The  causation  of  the  diastolic  7nurmurs  in  mitral  stenosis. 

The  presystolic  murmur,  described  by  FauveP  in  1843,  and  attributed 
by  him  to  auricular  systole,  has  been  the  subject  of  much  discussion.  I  do 
not  propose  relating  the  arguments  which  have  been  brought  forward  in 
support  or  in  condemnation  of  this  view.  The  discussion  has  turned  chiefly 
upon  the  timing  of  the  murmur,  some  beheving  it  to  be  truly  presystolic,* 
others  regarding  it  as  really  systolic. -j- 

The  only  accurate  method  of  determining  its  time  relations  is  the 
graphic  one,  and  this  shows  its  diastolic  position  quite  clearly.  In  considering 
its  cause  we  can  concern  ourselves  only  with  diastolic  events,  and  must 
attribute  it  to  the  onflow  of  blood  through  a  constricted  mitral  orifice.  We 
may  clearly  understand  the  origin  of  the  diastolic  murmurs  of  mitral  stenosis 
when  Me  have  a  true  conception  of  differential  pressures  in  left  auricle  and 
left  ventricle,  for  the  velocity  of  the  blood  flow  Avill  depend  upon  the  difference 
between  the  tAvo  pressures.  The  difference  in  pressure  is  never  great  in  the 
normal  heart  during  diastole,  for  the  orifice  joining  the  chambers  is  a  wide  one. 
But  it  is  greatest  at  two  periods  of  diastole  ;  when  the  auriculo-ventricular 
valves  open  and  during  the  systole  of  the  auricle.  In  mitral  stenosis  the 
differential  pressures  are  almost  certainly  greater  and  especially  so  towards 
the  end  of  diastole  if  the  auricular  walls  are  hypertrophied. 

The  diastolic  murmurs  of  mitral  stenosis  appear  at  the  points  when  they 
are  anticipated,  if  we  hold  this  view  of  their  causation.  When  the  heart  is 
slow,  when  there  is  a  normal  sec^uence  of  chamber  contraction  and  a  shght 
or  moderate  grade  of  stenosis,  we  find  a  presystolic  murmur  alone  ;  if  the 
stenosis  is  greater,  an  early  diastolic  murmur  may  be  added  ;  the  period  of 
silence  between  the  two  murmurs  corresponds  to  the  period  when  filhng  is  at 
its  slowest. J 

In  extreme  stenosis  the  A\'hole  diastolic  period  may  be  full.  Increased 
heart  rate  will  also  tend  to  produce  full  diastolic  murmurs,  for  diastole  is 
curtailed  and  the  blood  must  enter  the  ventricle  more  speedily  if  the  same 
quantity  is  to  be  maintained  in  circulation.  Anything  which  increases  the 
output  of  the  heart,  such  as  exercise  or  the  increase  of  venous  filling,  the  latter 
accompanying  the  recumbent  posture,  must  have  a  similar  effect  ;  and  the 
same  influence  will  unmask  a  murmur  which  is  audible  only  on  occasion. 

The  alterations  in  the  murmurs  at  the  onset  of  heart  irregularities  teach 
us  a  great  deal.  That  the  isolated  presystolic  murmur  is  related  to  auricular 
systole  seems  clear,  for  it  is  not  present  when  the  auricles  are  fibrillating, 
neither  is  it  present  when,  as  a  result  of  heart-block,  the  auricular  contraction 
occuj^ies  an  unusual  position  in  the  cardiac  cycle.  That  the  auricular 
contraction  is  responsible  for  murmurs  seems  apparent  too  from  a  further 

*  Gairdiier  ^  first  termed  it  the  auriculo-systolic  murmur. 

t  Full  reference  to  the  original  papers  will  be  fo\uad  in  Brockbank's   book.^ 

J  It  seems  quite  possible  that  if  in  a  long  diastole  the  ventricle  becomes  engorged,   the 

differential  pressure  at  the  contraction  of  the  auricle  may  be  insufficient  to  produce  a  presystolic 

bruit. 
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consideration  of  these  instances  of  heart-block  ;  the  position  of  the  murmur 
alters  according  to  the  position  of  the  auricular  systole  ;  more  observations 
of  a  graphic  nature  are  certainly  required  in  this  connection,  but  the  records 
from  the  solitary  case  already  described  are  pecuharlv  significant. 

In  auricular  fibrillation  the  site  of  election  for  the  appearance  of  a  murmur 
is  early  diastole  and  not  presystole  ;  the  murmur  may  fill  diastole  Avhen  the  rate 
is  fast  or  when  single  diastoles  are  short,  but  in  the  longer  diastoles,  be  they 
sohtary  or  in  succession,  the  murmur  finishes  before  the  first  sound.  The 
murmur  does  not  always  begin  at  the  termination  of  the  second  sound,  and 
this  for  an  obvious  reason  ;  the  semilunar  valves  close  before  the  auriculo- 
ventricular  valves  open.  The  interval  between  the  two  valve  movements  is 
greatest  when  the  heart  beats  slowly,  and  it  is  under  these  conditions  that 
the  gap  between  second  sound  and  the  commencing  murmur  is  often  heard. 

To  sum  up,  the  evidence  in  our  possession  leads  us  to  beheve  that  the 
diastolic  murmurs  of  mitral  stenosis  are  produced  by  the  rush  of  blood  from 
auricle  to  ventricle,  and  that  the  position  of  the  murmur  in  diastole  is 
controlled  by  the  velocity  of  the  blood  flow.  The  murmurs  first  appear  at 
those  portions  of  diastole  at  which  the  differential  pressure  is  greatest. 
^^^len  the  normal  sequence  is  maintained,  one  of  these  portions  is  presystole, 
and  the  velocity  is  greatest  at  this  time  because  the  auricle  is  in  contra?tion. 
That  the  murmurs  should  have  a  strict  time  relation  to  auricular  systole  is 
hardly  to  be  expected  under  all  circumstances,  for  the  pressures  may  be 
affected  in  many  ways  ;  but  that  very  definite  time-relations  are  often 
estabhshed  is  clear  from  the  graphic  records  of  irregular  heart  action. 


Conclusions. 

1.  The  relation  of  the  normal  first  sound  at  the  apex  to  the  initial 
ventricular  deflection  of  the  electrocardiogram  in  lead  //  is  variable.  It 
may  commence  within  Oil  sec.  of  Q  or  002  sec.  of  i?  ;  or  it  may  be  delayed 
until  026  sec.  after  i?  or  039  sec.  after  Q.  Usually  it  begins  a  httle  before 
or  after  the  summit  of  i?. 

2.  The  relation  of  the  normal  second  heart  sound  at  the  apex  to  the 
end  of  T  is  variable.  It  may  commence  -01  or  even  03  sec.  before  this 
point,  but  more  usually  it  starts  at  the  end  of  T  or  01  or  02  sec.  afterwards. 

3.  The  relations  of  the  first  and  second  sounds  near  the  apex,  to  the 
deflections  of  the  electrocardiogram  in  mitral  stenosis,  are  practically  the 
same  as  in  normal  hearts.     The  duration  is  also  very  similar  to  the  normal. 

4.  The  shortest  murmurs  of  mitral  stenosis  precede  the  first  sound 
and  consequently  precede  the  initial  rise  of  intraventricular  pressure.  They 
lie  in  presystole. 
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5.  Generally  speaking  the  presystolic  or  diastolic  murmur  is  not  a 
crescendo  ;  the  crescendo  is  an  effect  of  the  proximity  of  the  loud  first  sound. 
The  vibration  frequency  is  from  41  to  107  per  second  ;  usually  the  frequency 
is  low  (average  68-5).  The  murmur  begins  from  -05  to  -22  sec.  before  the 
commencement  of  R  and  runs  up  to  the  first  sound. 

6.  When  fibrillation  of  the  auricles  is  present,  an  isolated  presystolic 
murmur  does  not  occur.  The  fixed  relation  of  the  murmur  is  to  the  early 
phases  of  diastole., 

7.  When  heart-block  is  present  the  positions  of  the  murmurs  are 
largely  controlled  by  the  positions  of  the  auricular  contractions. 

8.  The  diastolic  murmurs  of  mitral  stenosis  are  due  to  the  rapid  onflow 
of  blood  through  the  stenosed  orifice.  Those  periods  of  diastole  are  occupied 
by  murmvir,  during  which  the  velocity  reaches  a  certain  grade.  When  the 
auricle  contracts  at  the  normal  time  and  the  heart  beats  slowly  the  velocity 
tends  to  be  greatest  in  presystole,  otherwise  it  is  greatest  in  early  diastole  ; 
these  are  the  times  at  which  murmurs  are  most  commonly  audible. 
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SOME    PROPERTIES    OF    SURVIVING    ARTERIES. 

By  J.  ELRICK  KESSON,  M.D. 

Lecturer  on   Experimental   Physiology   in   the    University   of    Aberdeen. 

{From  the  Physiological   Laboratory). 

I. — Reaction  of  Arteries  to  Internal  Pressure. 

Some  years  ago  Bayliss^  described  some  remarkable  facts  in  connection  with 
the  reaction  of  blood  vessels  to  alterations  in  internal  pressure.  He  found 
from  plethysmographic  experiments  that  after  section  of  the  vascular 
nerves  of  a  limb  or  organ  the  blood  vessels  responded  to  a  rise  of  internal 
pressure  by  increased  contraction  and  to  a  fall  of  pressure  by  relaxation. 
He  emphasised  the  importance  of  this  peripheral  power  of  reaction — which 
occurred  also  with  intact  nerves — ^in  providing  as  far  as  possible  for  the 
maintenance  of  a  constant  flow  of  blood  through  the  tissues,  limbs,  brain,  &c., 
supplied  by  them  whatever  may  be  the  height  of  the  general  blood  pressure, 
except  in  so  far  as  they  are  directly  over-ruled  by  impulses  from  the  central 
nervous  system.  An  important  part  is  ascribed  to  the  same  mechanism  in 
cases  where  as  great  as  possible  a  rise  or  fall  of  the  arterial  pressure  is  required. 
Hill  and  Flack'^  have  applied  these  results  in  the  comparison  of  the  arterial 
pressures  in  the  arm  and  leg  and  in  the  two  arms  when  one  is  held  up  and  the 
other  down.  They  assume  inequahty  of  contraction  in  the  arteries  in  these 
cases  on  the  ground  that  an  artery  exposed  to  increased  pressure  (due  to 
hydrostatic  effect  in  this  instance)  contracts  while  one  exposed  to  lessened 
pressure  relaxes. 

Again,  Hill«  affirms  that  the  arteries  contract  by  themselves  to  increased 
pressure,  while  the  vaso-motor  system  controls  the  arterioles. 

Bayliss's  conclusion  as  to  the  automatic  response  of  arteries  to  changed 
internal  pressure  is  corroborated  by  Bier's ^  observation  that  in  a  pig's  leg 
disconnected  from  the  animal's  body,  except  the  connection  afforded  by  an 
arterial  cannula,  active  hypersemia  followed  temporary  arrest  of  the  arterial 
flow,  the  reaction  being  evidently  independent  of  the  central  nervous  system. 

Starhngii  states  that  after  severance  of  the  nervous  connections  increased 
tension  acts  as  a  stimulus  to  increased  contraction  and  cites  the  response 
of  a  strip  of  carotid  (even  a  day  or  two  after  death)  to  a  sudden  distending 
force  by  a  slow  contraction. 

Inquiring  into  the  nature  of  the  vascular  reaction  in  question  Bayliss 
performed  a  few  experiments  on  excised  arteries  and  though  he  did  not  follow 
up  this  hne  of  investigation  he  pointed  out  the  importance  of  a  positive 
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result,  which  he  obtained  notably  in  one  asphyxiated  dog's  arterj^  two  hours 
after  death,  as  showing  that  the  arterial  reaction  to  changes  of  internal 
pressure  is  not  due  to  any  other  cause  than  the  change  of  tension,  and  that 
it  is  myogenic  in  character. 

Methods  of  experiment. 

While  experimenting  on  arteries  for  various  purposes  I  have  very 
frequently  examined  the  effects  of  rises  and  falls  of  internal  pressure  in  over 
170  arteries  taken  from  more  than  ninety  animals  (horse,  ox,  dog,  cat,  &c.). 
The  carotids,  femorals,  metatarsals,  and  metacarpals  were  chiefly  used.  The 
vessels  were  often  taken  immediately  after  death  and  tested  in  a  few  minutes  ; 
in  other  cases  at  varying  periods  up  to  some  hours  after  death,  being  kept  in 
the  meantime  in  cold  Ringer's  solution  or  blood  from  the  same  animal, 
defibrinated  or  treated  with  hirudin.  The  lengths  of  artery  to  be  tested  were 
tied  on  a  cannula  and  placed  in  a  glass  plethysmograph  connected  with  a 
tambour  or  with  a  horizontal  tube  of  small  bore  fitted  with  a  millimetre 
scale  to  indicate  displacement  of  fluid  dei^ending  on  volume  changes  in  the 
artery.  The  artery  was  filled  and  surrounded  in  the  plethysmograph  with 
blood  or  Ringer's  solution,  oxygenated  or  shaken  up  ^dth  a  mixture  of 
oxygen  and  carbon  dioxide  (5  per  cent).  Yandell  Henderson ^^  has  described  the 
important  part  played  by  a  normal  CO,,  content  in  the  blood  in  maintaining 
the  tone  of  the  unstriped  muscle  of  the  intestine. 

The  pletln^smograph  and  its  contents  were  kept  at  about  body 
temperature  by  immersion  in  a  suitable  water  bath  or  jacket. 

Some  of  the  arteries  were  taken  from  anaesthetised  animals  killed  in 
different  ways,  but  most  from  horses  and  oxen  slaughtered  in  the  usual  way  ; 
a  few  from  cats,  rabbits,  &c.,  killed  by  shooting,  &c. 

The  pressure  within  the  artery  was  raised  bj^  elevation  of  the  reservoir 
supplj'ing  the  fluid  or  of  a  mercury  bottle  which  displaced  fluid  from  the 
reservoir,  or  by  successive  strokes  of  a  pump — to  imitate  as  far  as  possible 
the  nature  of  a  rise  of  pressure  in  the  normal  circulation. 

The  condition  of  the  artery  as  regards  the  absence  or  presence  in  varying 
degree  of  tonic  contraction  may  possibly  be  of  much  importance  in  connection 
with  the  reaction  now  being  considered.  There  is  evidence  available  from 
various  sources  bearing  on  the  essential  relation  between  a  certain  degree  of 
tonus  and  a  certain  degree  of  distending  pressure  in  the  production  of  a 
rhythmical  response,  though  the  precise  relation  between  the  degree  of  tonus 
and  the  internal  pressure  effective  in  inducing  rhythmical  contractions  has  not 
been  defined.  Such  evidence  is  to  be  found  in  the  work  of  Sokoloff  and 
Luchsinger.i"  Jastreboff'.^Elhott  and  Barclaj'-Smith.^  Cannon,  ^^  ^  and  others, 
derived  from  a  study  of  the  ureter,  vagina,  bladder,  oesophagus,  colon,  &c. 
It  is  known  that  the  amount  of  tonus  present  may  be  relatively  too  great  or 
too  small.  In  view  of  the  uncertainty  on  this  point  and  the  absence  of  any 
knowledge  as  to  possible  relations  ^\^th  a  contractile  reaction  in  the  arteries 
it  is  obviously  important  to  test  the  vessels  in  very  different  conditions 
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as  regards  the  absence  and  degree  of  tonus.  Short  pieces  of  artery  (carotid  of 
ox,  &c.),  in  the  plethysmograph  often  show  decided  persistent  contraction 
even  when  kept  at  38°  C.  in  Ringer's  fluid  or  blood,  possibly  on  account  of 
the  mechanical  stimulation  of  cutting,  ligature,  &c.,  at  the  ends.  Longer 
portions  (10  to  15  cm.)  were  often  used  and  were  found  to  present  varying 
grades  of  tonus — in  some  practically  none,  as  evidenced  by  the  trivial  amount 
of  external  pressure  necessary  to  obhterate  the  tube,  by  the  character  of  the 
expansion  increments  rising  to  a  maximum  when  tested  by  successive  rises 
of  internal  pressures,  &c.  ;  in  other  cases  varying  grades  of  tonus,  up  to 
strong  persistent  contraction  were  in  evidence. 

In  Bayliss's  very  striking  experiments  on  denervated  limbs  and  organs 
the  rise  and  fall  of  pressure  often  lasted  10-40  seconds  ;  then  when  the 
pressure  returned  to  the  normal  the  contraction  or  relaxation  (responsive 
to  the  original  rise  or  fall)  appeared  and  lasted  for  at  least  as  long  afterwards, 
often  much  longer.  There  was  then  a  return  to  the  normal,  directly  or  after 
"  reverberation."  The  rises  and  falls  of  pressure  in  his  experiments  seem  to 
have  been  pretty  extensive  as  a  rule,  though  varying  considerably,  e.g., 
rises  of  70  mm.  from  a  level  of  110,  of  50  from  about  120,  and  of  35-40  from 
about  65,  and  falls  of  40  from  110,  40  from  a  pressure  of  70.  In  one  tracing  a 
marked  reaction  is  seen  in  the  plethysmogram  to  follow  so  small  a  rise  of 
blood  pressure  as  14  mm.  The  duration  of  the  reaction  in  relation  to  the 
duration  of  the  change  in  pressure  responsible  for  it  is  worthy  of  note. 
Sometimes  a  fall  lasting  about  ten  seconds  gives  a  subsequent  expansion 
of  the  limb  lasting  about  forty  seconds  ;  a  fall  of  twenty  seconds  was  followed 
by  expansion  for  thirty  seconds.  The  expansion  induced  by  a  fall  often 
lasted  twice  as  long  as  the  fall. 

Thus  the  relaxed  artery  evidently  failed  for  a  considerable  time  to 
respond  to  the  stimulating  influence  of  the  renewed  inrush  of  blood  and 
increase  of  pressure.  Similarly  a  rise  of  pressure  causes  contraction  which 
does  not  for  a  considerable  time  yield  to  the  relaxing  influence  of  the  lowering 
of  pressure  down  to  the  original  level. 

In  the  present  inquiry  the  amount  and  duration  of  the  changes  of 
internal  pressure  have  been  made  to  vary  within  wide  limits.  As  regards 
amount,  such  alterations  as  these  were  induced — rise  to  120,  lowered  to  80  ; 
rise  to  160,  lowered  to  70  ;  rise  to  200,  lowered  to  60  ;  rise  to  180,  lowered 
to  90  ;  rise  to  180,  lowered  to  60  ;  rise  to  160,  lowered  to  90  ;  rise  to  140, 
lowered  to  80. 

The  pressure  was  commonly  raised  c^uickly  as  shown  in  the  tracings — • 
more  quickly  than  would  occur  in  the  circulation — but  in  some  instances  a 
slower  rate  of  increase  was  adopted.     The  fall  was  similarly  varied. 

The  changed  levels  of  pressure  were  maintained  for  periods  varying  from 
a  few  seconds  to  many  minutes.  In  some  cases  a  slight  or  moderate  pressure, 
e.g.,  60  mm.,  &c.,  was  got  up  and  steadily  maintained  for  prolonged  periods. 
In  other  cases  the  pressure  was  raised  by  20  or  40  mm.  at  a  time  and  kept 
at  each  level  for  a  definite  period  ;  then  lowered  to  zero  to  test  the  recovery 
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FestiJts. 

Under  all  these  different  variations  the  behaviour  of  the  arteries  examined 
was  notably  constant  as  regards  the  essential  feature  of  showing  no  active 
response  either  in  the  direction  of  contraction  against  a  rise  or  relaxation 
against  a  fall  of  internal  pressure  ;  the  arteries  practically  behaved  like  passive 
tubes  expanding  with  a  rise  and  diminishing  in  volume  with  a  fall  of  pressure. 
WTien  an  artery  has  been  distended  by  a  high  pressure  it  may  after  the 
pressure  has  fallen  to  zero  become  and  remain  for  long  periods  of  somewhat 
smaller  volume  than  before  indicating  a  slight  increase  of  tone  in  the  vessel. 
This  is  in  accordance  with  what  was  noted  by  MacWilUam^  many  years  ago  ; 
it  does  not  bear  out  the  view  that  there  is  contraction  against  increased 
and  relaxation  towards  diminished  pressure.  Even  after  high  pressures 
and  marked  distension  the  artery  shows  very  evident  signs  of  vitality, 
contracting  markedly  on  stimulation  (cutting,  &c.). 

The  general  nature  of  the  results  is  illustrated  by  the  tracings  here 
reproduced.     Fig.   1  calls  for  no  comment  except  that  at  the  end  of  the 


Fig.    1. 

tracing  the  volume  of  the  artery  is  somewhat  smaller  than  before  ;  it  remained 
persistently  so  after  the  pressure  had  been  down  to  zero  for  many  minutes. 
The  oscillations  on  the  rise  are  due  to  the  movements  of  the  pump  used  to 
raise  the  pressure.  The  close  relation  between  increase  of  pressure  and 
increase  of  volume  and  vice  versa  are  well  seen  in  Fig.  2,  obtained  from 
another  sheep's  carotid  with  a  recording  tambour  which  magnified  much 
more  ;  the  rise  of  pressure  to  100  mm.  lasted  about  forty  seconds.  At  the 
end  of  the  tracing  the  volume  is  stiU  somewhat  larger  than  to  begin  with  ; 
the  slow  recovery  of  the  artery  is  not  yet  completed.  Two  carotids  from 
different  oxen  tested  ^vith  considerable  pressures  gave  the  results  seen  in 
Fig.  3  and  4.      The  pressure  of  200  mm.  in  Fig.  4  was  maintained  for  about 
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thirty  seconds.  Fig.  5  shows  two  rises  of  pressure  in  an  ox  carotid.  Continued 
gradual  expansion  occurs  while  the  high  pressure  lasts.  Between  and  after 
the  rises  the  volume  does  not  diminish  to  the  normal  as  sufficient  time  was 
not  allowed  for  the  slow  completion  of  the  recovery  of  the  stretched  arterial 
wall, — this  did  not  occur  till  much  later.  As  the  arteries  of  the  horse  retain 
their  responsiveness  to  stimulation  specially  long,  I  have  made  a  considerable 


Fis.   2. 


Fig.   3. 


number  of  observations  upon  them,  using  the  carotids,  metacarpals, 
metatarsals,  &c.  The  latter  with  their  powerful  muscular  coats  are  well 
adapted  for  the  study  of  reactions  to  internal  pressures.  In  some  cases  I 
have  tested  these  arteries  at  the  slaughter  house  a  few  minutes  after  the 
animal  was  struck  down,  and  in  all  cases  with  negative  results  as  far  as  active 


reactions  are  concerned. 


Fig. 


G  is  from  a  carotid,  and  Fig.  7  and   8  from 
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Fig.  5. 
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metacarpals.  The  close  correspondence  between  the  volume  and  pressure 
changes  in  the  vessel  behaving  as  a  passive  elastic  tube  are  very  evident. 
The  slowness  of  expansion  often  seen  in  these  arteries  (contracted)  is  to  be 
noted  in  Fig.  8.  Marked  rhythmical  contraction  is  also  sometimes  seen 
under  pressure. 

In  none  of  my  experiments  was  any  active  reaction  to  altered  internal 
pressure  recognisable  by  the  eye  in  cases  where  a  plethysmographic  record 
was  not  taken.  I  have  indeed  on  rare  occasions  noticed  visible  contraction 
of  an  artery  after  tying  up  upon  the  cannula,  &c.  ;  but  this  seemed  to  be 
clearlv    attributable     to     mechanical    stimulation.     Had    this    occurrence 


Fig. 


Fijr.  8. 


coincided  with  the  artificial  production  of  a  rise  of  internal  pressure  it  might 
easily  have  been  ascribed  to  the  influence  of  the  latter. 

Resistance  to  obliterating  pressure  at  ififferent  perfusion  pressures. 
Another  method  of  testing  the  alleged  occurrence  of  increased  contraction 
in  response  to  increased  tension  and  vice  versa  is  to  determine  the  value  of  the 
resistance  which  the  arterial  w  all  offers  to  obliterative  pressure  m  hen  perfused 
with  fluid  at  very  dilTcrent  internal  pressures.  If  the  arterial  muscle  reacts 
by  contraction  and  relaxation  to  raised  and  lo\\ered  internal  pressure,  such 
ought  to  be  evidenced  by  changes  in  the  resistance  to  compression  offered 
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by  the  arterial  wall.  Using  large  arteries  like  the  carotid  of  the  ox  with  its 
powerful  muscular  coat  it  is  easy  to  observe  the  variations  in  resistance  to 
compression  depending  on  the  presence  of  varying  amounts  of  contraction. 
The  results  obtained  in  this  way  strongly  oppose  the  hypothesis  that  increased 
contraction  is  excited  by  increased  tension  and  vice  versa.  With  great 
alterations  of  internal  pressure  the  resistance  of  the  arterial  wall  is  not 
appreciably  changed,  showing  that  there  is  no  important  change  in  the  way 
of  contraction  or  relaxation,  e.g.,  in  the  case  of  a  carotid  (ox)  tested  in  the 
usual  way  at  body  temperature  a  few  hours  after  excision  at  internal  pressures 
of  22,  28,  86,  122,  118  mm.,  in  another  at  internal  pressures  of  36  and  78,  and 
in  a  third  at  internal  pressures  varying  from  18-128  mm.  The  obliteration 
pressure  was  estimated  in  some  instances  almost  immediately  after  the 
change  in  internal  pressure  was  made,  in  other  instances  after  the  altered 
internal  pressure  had  been  acting  for  some  minutes. 

Discussion  of  results. 

Hill  and  Flack^  conclude  that  increased  contraction  or  rigidity  in 
arteries  leads  to  a  higher  systolic  reading  in  blood-pressure  estimation  by  the 
obliteration  method  ;  this  they  attribute  to  better  conductance  of  the 
systolic  wave  in  more  contracted  or  more  rigid  arteries.  Hill  and  Flack 
made  observations  on  the  upper  limbs  when  one  arm  was  held  up  and  the  other 
down  so  a&  to  give  very  considerable  dijBEerences  in  pressure  from  hydrostatic 
causes  ;  they  made  similar  observations  on  the  arm  and  leg  where  the 
dififerences  in  pressure  were  extensive.  From  other  observations,  those 
investigators  conclude  that  increased  contraction  or  rigidity  in  an  artery 
influences  the  systolic  reading  in  an  important  way  by  better  conductance 
of  the  systolic  wave.  Now  if  the  arteries  react  to  increased  pressure  by 
increased  contraction  and  vice  versa,  and  increased  contraction  alters  the 
systolic  reading  it  is  clear  that  the  readings  in  the  foregoing  observations 
should  differ  more  than  would  be  accounted  for  by  the  hydrostatic  factor. 

But  this  is  not  what  has  been  found  to  obtain  ;  Hill  and  Flack  found 
that  the  pressure  in  the  upraised  and  lowered  arms  and  in  the  arm  and  leg 
differ  from  one  another  only  by  the  amount  of  the  hydrostatic  pressure  ; 
hence  the  existence  of  appreciable  differences  in  contraction — even  in  the 
presence  of  great  differences  in  internal  pressure — is  negatived.  Here  the 
evidence  opposes  the  hypothesis  of  a  reaction  of  the  artery  to  altered  internal 
pressure — assuming  the  correctness  of  the  view  that  changes  in  the  amount  of 
contraction  express  themselves  by  modification  of  the  systohc  readings — 
through  altered  conductance  or  other  causes.  Hill  and  Flack  beheve  that 
the  effects  of  greater  contraction  or  greater  rigidity  in  the  arterial  wall  are 
so  potent  as  to  account  for  the  striking  disparity  (100  mm.  or  more)  between 
the  systolic  readings  from  the  arm  and  leg  readings  in  cases  of  aortic 
regurgitation  and  in  healthy  young  men  after  severe  muscular  exertion  such 
as  stair-climbing.  Bier's  observation  of  hypereemia  in  a  hmb  being  induced 
by  a  temporary  anjemia  even  alter  severance  of  the  connection  with  the 
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central  nervous  system  has  already  been  cited  ;  it  obviously  fits  in  well  with 
the  conception  of  a  local  independent  reactive  power  in  the  arteries.  But 
that  the  matter  is  not  always  susceptible  of  so  simple  an  explanation  is  shown 
by  Bier's  experiment  of  stopping  for  a  time  the  blood-su^jply  to  two  loops 
of  intestine,  one  of  them  empty  and  the  other  containing  milk  at  body 
temperature.  When  the  blood  stream  was  readmitted  the  empty  loop 
showed  no  hyj)ersemia  while  the  milk-filled  one  became  actively  hypersemic  ; 
he  also  found  that  the  intestine  of  a  fed  animal  becomes  hyperaemic  after  a 
similar  re-establishment  of  the  circulation,  while  that  of  a  fasting  animal 
does  not.  According  to  the  same  observer  the  dog's  stomach  gives  hypera^mia 
in  similar  circumstances  and  the  rabbit's  stomach  does  not.  In  view  of 
such  results  it  is  evident  that  the  hyperaemic  reaction  following  temporary 
anaemia  is  by  no  means  always  or  necessarily  a  simple  reaction  of  the  arterial 
muscle — relaxation  or  expansion  induced  by  decreased  tension,  but  depends 
in  some  cases  at  least  on  the  working  of  a  more  complex  mechanism. 

It  is  important  to  bear  in  mind  that  an  automatic  regulation  of  the  size 
of  the  arteries  by  a  simple  response  to  increased  or  diminished  pressure  within 
them  would  involve  not  only  a  contraction  answering  to  an  increased 
stretch  or  pull  (as  is  said  to  occur  in  the  bladder,  the  body  of  the 
earthworm,  &c.)  but  a  continued  contraction  persisting  as  long  as  the  rise 
of  pressure  lasts,  and  relaxation  equalling  in  duration  the  lowering  of 
pressure  inducing  it. 

Ihere  seems  to  be  no  available  evidence  of  the  existence  of  such  a 
reaction  in  unstriped  muscle  excluded  from  possible  nervous  influences.  In 
hollow  viscera  like  the  stomach  and  bladder  \\  ith  a  sheet  of  unstriped  muscle 
in  their  waUs,  receptive  relaxation — instead  of  responsive  contraction  occurs 
A\  hen  fluid  is  gradually  introduced.  In  the  case  of  the  stomach  Cannon  and 
Lieb"*  find  that  this  relaxation  is  mediated  through  the  vagus  nerve. 

The  contractile  response  which  may  occur  in  a  strip  of  carotid  when 
suddenly  stretched  is  too  crude  an  experiment  to  be  valid  evidence  in  this 
connection.  Ihe  traction  is  apphed  to  the  muscular  elements  of  the  arterial 
\\  all  in  an  abnormal  way  and  the  pull  is  excessively  sudden  and  violent  as 
compared  Mith  A\hat  is  exercised  by  such  changes  of  pressure  as  may  occur  in 
the  circulation.  The  same  probably  holds  good  with  the  responses  in  the 
body  wall  of  the  earthworm,  &c.  In  skeletal  muscle  it  is  well  known 
that  a  sudden  tug  or  strain  on  the  tendon  may  cause  contraction,  but 
such  requires  to  be  sharp  and  of  considerable  force.  The  most  raj)id 
extension  of  a  muscle  in  the  execution  of  a  normal  movement  does  not 
stimulate  the  muscle. 

It  is,  of  course,  a  familiar  fact  that  in  hollow  viscera,  &c.  (bladder, 
ston.acb,  intestine)  internal  tension  may  in  favourable  circumstances  as 
rcgaics  lone,  <ic.,  lead  to  the  development  of  a  rhythmic  series  of  single 
cciili actions  (as  1  have  also  noted  on  some  occasions  in  the  metacarpal  artery 
of  the  horse)  but  this  is  quite  a  ditierent  phenomenon  of  a  strong  and 
persistent  contractile  response  to  raised  internal  pressure. 
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11.^ — Effects  of  Cold,  Exposure  to  Air  and  Mechanical  Stimulation 

ON  Arteries. 

It  is  commonly  accepted  that  arteries  are  made  to  contract  by  cold  and 
exposure  to  air,  and  the  hard  contracted  state  of  viscera  containing  unstriated 
muscle  {e.g.,  uterus,  stomach,  &c.),  is  usually  ascribed  to  the  same  causation. 
Contraction  of  unstriped  muscle  (from  this  cause)  near  the  neck  of  the  bladder 
has  been  regarded  as  possibly  an  important  factor  in  post  mortem 
experiments  on  the  urine-retaining  mechanism. ^^ 

The  writer's  experiments  on  surviving  arteries,  &c.,  under  various 
conditions  has  led  him  to  the  conclusion  that  the  above-mentioned  view  is 
incorrect.  He  finds  that  cold  and  exposure  to  air  apart  from  mechanical 
disturbance  do  not  cause  contraction,  but  that  Avhen  contraction  has  been 
induced  by  mechanical  irritation  or  other  form  of  stimulation  (electrical,  &c.) 
cold  has  an  important  and  remarkable  effect  in  rendering  the  contraction 
persistent  for  long  periods  (days). 

Observations  have  been  made  on  the  head  and  neck  of  the  sheep,  the 
horses'  leg,  amputated  human  limbs,  the  carotids  of  the  horse  and  ox  excised 
^^hile  still  enclosed  by  a  considerable  amount  of  surrounding  tissue,  &c. 
After  the  parts  had  been  at  ordinary  room  temperature  or  cooled  down 
to  a  few  degrees  above  0°  C.  for  hours  or  for  a  day  or  two  the  arteries  when 
carefully  exposed  Mere  found  to  be  still  uncontracted  and  flattened  in  shape, 
often  even  after  the  necessary  precautions  had  been  taken  to  obviate  the 
possibihty  of  flattening  of  the  tube  being  due  to  (1)  tension  between  its 
attachments,  or  (2)  an  obstacle  to  the  entrance  of  air  necessary  to  allow  the 
tube  to  become  rounded  if  there  was  a  tendency  for  such  to  occur. 

When  the  covering  tissues  were  carefully  removed  with  a  minimum  of 
mechanical  disturbance,  using  perfectly  clean  instruments,  the  arteries 
remain  without  visible  sign  of  contraction  for  many  hours  though  freely 
exposed  to  the  air,  precautions  being  taken  to  prevent  drying,  &c.,  by  enclosing 
the  parts  in  a  moist  chamber. 

Later,  mechanical  stimulation  by  cutting  and  gentle  manipulation, 
caused  striking  contraction,  the  tube  becoming  circular  and  firm  with  a 
greatly  diminished  lumen  (one-half,  one-third,  &c.).  Thus  a  horse's  carotid 
twenty-four  hours  post  mortem  changed  its  diameter  from  6  mm.,  its  size 
in  relaxed  state,  to  3  mm.  Very  striking  results  of  a  similar  nature  Avere  seen 
in  the  horse's  metacarpal.  After  a  portion  of  the  leg  had  been  kept  in  a  cold 
chamber  for  three  or  four  days  with  the  artery  partially  exposed  to  the  air 
the  vessel  was  still  soft  and  flattened  ;  Avhen  dissected  out  and  cut  the  lumen 
narrowed  till  only  a  fine  bristle  could  be  inserted.  This  contraction  persists  for 
many  hours  or  for  days  at  room  temperature  or  at  some  degrees  above  0°  C. 
On  M  arming  to  body  temperature  the  artery  relaxes  more  or  less  completely, 
there  being  considerable  variation  as  to  the  extent  of  this  relaxation. 

The  behaviour  of  unstriped  muscle  in  these  respects  is  strikingly  different 
from  what  we  are  familiar  with  in  ordinary  striped  muscle. 
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III. — Influexce  of  Temperature  on  Arterial  Elasticity. 

In  1902  Mac  William  described  the  long  persistence  of  vitality  in  excised 
arteries  and  certain  fundamental  differences  in  the  distensibihty  of  contracted 
arteries  on  the  one  hand  and  that  of  relaxed  arteries  and  of  veins  on  the  other ; 
these  differences  were  associated  with  characteristic  features  in  the  extensi- 
bility of  strips  cut  from  the  various  kinds  of  vessels.  In  the  present  inquiry 
attention  ^^as  directed  to  the  influence  of  temperature  on  these  changes. 

The  arteries  employed  were  the  carotid  of  the  horse,  sheep  and  dog,  the 
femoral  of  the  cat,  and  the  metacarijal,  hepatic,  &c.,  of  the  horse.     After 
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excision  shortly  after  death  they  were  placed  in  defibrinated  blood  or 
oxygenated  Ringer-Locke  fluid  ;  if  not  used  immediately  they  were  kept  in 
a  cooled  chamber.  When  being  tested  the  arteries  were  kept  at  body 
temperature  by  suitable  baths,*  &c. 

The  results  show  conclusively  that  at  body  temperature  the  behaviour 
of  the  vessels  is  essentially  similar  to  what  occurs  at  room  temperature. 
The  maximum  distensibility  of  contracted  arteries  varies  with  the  amount 
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of  contraction  present,  and  may  occur  at  very  different  internal  pressures, 
e.g.,  at  140  to  160  as  shown  in  Fig.  9,  or  at  0  to  20  as  in  Fig.  10.  Both  these 
are  from  the  carotid  of  the  ox  distended  by  20  mm.  increments  of  internal 
pressure  each  lasting  one  minute.  Arteries  strongly  contracted  at  room 
temperature  arc  more  or  less  largely  relaxed  by  warming  to  37°  or  38°  C, 
and  according  to  the  amount  of  contraction  persisting  the  position  of  the 
maximum  increase  of  volume  early  or  late  in  the  series.     When  there  is 
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complete  relaxation  the  maximum  increase  of  cubic  capacity  per  unit  increase 
of  internal  pressure  comes  at  the  beginning  of  the  series  as  is  seen  in  Fig.  10, 
thus  resembling  what  occurs  in  a  non-muscular  artery  or  a  vein. 

Strips  of  the  arterial  tube  A\hen  extended  by  weights  behaved  as  at 
room  temperature,  allowing  for  the  varjnng  amounts  of  contraction  which 
may  be  present  when  warm. 

In  strongly  contracted  thickened  arteries  {e.g.,  some  metacarjials  of  old 
horses)  very  high  distending  pressures  may  be  required  ;  no  appreciable 
effect  is  produced  up  to  a  certain  point,  the  artery  behaving  almost  hke  a 
rigid  tube,  and  this  in  the  absence  of  calcareous  or  markedly  fibrous  changes, 
the  thickening  being  essentially  a  muscular  hypertrophy. 
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The  time  relations  of  the  distension  by  internal  pressure  in  contracted 
and  relaxed  arteries  respectively,  are  worthy  of  note.  Under  a  pressure 
sufficient  to  cause  marked  expansion  the  contracted  vessel  yields  slowly, 
the  increase  of  volume  in  the  second  and  third  minutes  taken  together  often 
being  quite  as  large  as  that  of  the  first  minute  ;  the  total  increase  in  ten 
minutes  may  be  about  2^  times  the  expansion  of  the  first  minute  as  is  shown 
in  Fig.   11. 

The  relaxed  artery  on  the  other  hand,  tested  with  similar  pressure, 
yields  quickly  so  that  the  expansion  is  nearly  completed  in  the  first  minute  ; 
the  subsequent  increase  is  so  shght  that  at  the  end  of  ten  minutes  the  total 
volume  may  be  only  one-twentieth  more  than  at  the  end  of  the  first  minute. 

Summary 

Excised  surviving  arteries — large  or  medium  sized — examined 
plethysmographically  behave  like  passive  elastic  tubes  when  subjected  to 
extensive  rises  and  falls  of  internal  pressure  ;  they  show  no  sign  of  reacting 
by  contraction  against  an  increased  or  by  relaxing  against  a  lowered  pressure. 
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The  rei='istanre  of  the  arterial  wall  to  obliterative  pressure  shows  no 
marked  or  constant  difference  with  great  alterations  of  internal  pressure  ; 
this  is  against  the  hypothesis  of  responsive  changes  in  the  way  of  contraction 
and  relaxation  of  the  arterial  muscle. 

The  observation  that  in  the  human  body  limb  arteries  with  very  different 
internal  pressures  (due  to  hydrostatic  influence)  give  identical  blood  pressure 
readings  when  the  hydrostatic  factor  is  allowed  for  indicates  that  no 
appreciable  reactive  change  is  present  in  the  arterial  walls  in  response  to  the 
different  internal  pressures. 

While  Bier's  observations  on  a  Hmb  show  hvperaemic  reaction  to 
temporary  ansemia  apart  from  the  influence  of  the  vaso-motor  centre,  his 
results  on  the  intestine  and  stomach  must  be  interpreted  as  indicating  that 
the  hvperaemic  reaction  is  not  always  or  necessarily  a  simple  reaction  of  the 
arterial  muscle  to  altered  tension. 

The  volume  changes  in  denervated  hmbs  and  certain  organs  recorded  by 
Bayliss  show  important  reactions  in  some  portion  of  the  vascular  circuit  of 
the  limb  or  organ,  but  do  not  indicate  which  part  is  concerned. 

The  results  of  the  present  inquiry  are  opposed  to  the  hypothesis  that 
altered  internal  pressure  causes  this  reaction,  at  least  so  far  as  arteries  of 
large  or  moderate  size  are  concerned  :  they  show  no  evidence  in  support  of 
the  h^T^othesis  of  a  myogenic  origin  of  such  reaction. 

The  occurrence  of  such  a  reaction  in  the  arterioles  while  absent  in  the 
medium-sized  and  large  vessels  would  imply  a  notable  physiological  difference 
in  the  musculature  of  different  parts  of  the  arterial  tube. 

As  regards  their  elastic  properties,  whether  tested  by  distension  under 
internal  pressure  or  by  the  loading  of  strips  cut  from  their  walls,  surviving 
arteries  show  at  body  temperature  the  same  characteristic  differences  between 
the  contracted  and  the  relaxed  states  found  at  room  temperature  by 
Mac  William,  the  contracted  giving  increments  of  volume  or  length 
progressively  rising  to  a  maximum  and  then  diminishing,  while  the  relaxed 
show  the  maximum  effect  at  the  beginning  of  a  descending  series. 

The  expansion  of  a  contracted  artery  under  a  rise  of  internal  pressure 
is  verv  gradual  and  slow  in  developing  as  compared  with  a  relaxed  artery, 
and  the  recovery  when  the  pressure  is  lowered  shows  a  notable  difference. 

Cold,  per  se,  does  not  cause  contraction  of  arteries,  though  it  greatly 
influences  the  persistence  of  contraction  excited  by  other  causes. 

Note. — Since  this  paper  was  written  Von  Anrep  has  pubUshed  (Joum. 
of  Physiol.,  1912,  xlv,  318)  evidence  to  show  that  Bayliss's  results  on 
denervated  Umbs  and  organs  are  to  be  ascribed  to  other  causes  than  altered 
tension— the  increased  contraction  to  the  influence  of  adrenalin,  the  relaxation 
to  the  action  of  asphyxial  products  on  the  vessel  wall.  With  excised  arteries 
Von  Anrep  obtained  negative  results  ;  he  does  not  pubHsh  any  tracings. 
He  concludes  that  local  reaction  of  the  vessel  wall  to  changes  of  tension 
is  as  yet  unproven. 
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AN     OBSERVATION    RELATING    TO    THE    NATURE    OF 
AURICULAR    FIBRILLATION. 

By  THOMAS  LEWIS.* 

{Cardiograjjhic    Department,    University  College  Hospital  Medical  School). 

There  are  many  questions  relating  to  fibrillation  of  the  auricles  and 
ventricles  to  which  no  final  answers  can  be  returned  at  the  present  time. 
Fibrillation  of  a  muscle  mass  is  still  but  imperfectly  understood  and  any 
account  which  pretends  to  explain  the  nature  of  the  condition  can  only  be 
regarded  as  a  working  hypothesis. 

In  writing  of  the  condition  known  as  fibrillation  of  the  auricles  I  have 
repeatedly  advocated  the  view  that  it  results  from  the  formation  of  new 
impulses  in  the  muscle  at  a  number  of  abnormal  and  ectopic  foci.  One  of  the 
most  striking  features  of  auricular  fibrillation  is  the  nature  of  the  ventricular 
response.  Fibrillation  is  never  transmitted  as  such  from  auricle  to  ventricle, 
but  the  ventricle  beats  in  a  co-ordinate  though  perfectly  irregular  fashion. 
The  responses  are  the  result,  as  Fredericq^  has  shown,  of  impulses  traversing 
the  auriculo-ventricular  bundle  ;  they  are  impulses  escaping  in  haphazard 
fashion  from  the  quivering  auricle.  I  have  pointed  out  that  similarly  when 
the  ventricle  fibrillates  the  auricle  responds  irregularly  to  it,-  an  observation 
which  has  also  been  recorded  by  Cohn  and  Mason. ^  The  auriculo-ventricular 
bundle,  while  conducting  the  impulses  of  a  fibrillating  auricle  or  ventricle, 
does  so  in  a  peculiar  fashion.  It  e^^dently  does  not  conduct  all  such  impulses, 
but  sifts  them. 

I  may  illustrate  my  working  conception  of  a  fibrillating  auricle  or  a 
fibrillating  ventricle  and  the  events  related  thereto  by  a  simple  illustration. 
Imagine,  in  the  course  of  a  smooth  and  narrow  stream,  a  sudden  expansion 
(Fig.  1).  A  pool  through  which  water  flows  to  find  exit  in  a  narrow  and 
confined  channel.  If  a  succession  of  waves  is  propagated  on  the  surface 
of  the  water  at  the  side  of  the  pond  remote  from  the  outlet,  they  will  travel 
over  the  pond.  Each  wave  will  spread  over  the  surface  of  the  water  as  an 
arc  of  an  enlarging  circle  and  eventually  will  meet  the  bank  at  aU  points. 
It  will  also  spread  to  the  outlet  and  will  advance  along  it  with  its  ends  touching 
the  banks  and  its  general  line  at  right  angles  to  the  course  of  the  stream. 
Moreover,  if  the  waves  are  propagated  regularly  at  their  starting  point,  they 
will  travel  along  the  outlet  regularly.  Such  I  imagine  to  be  the  analogous 
conditions  in  a  regularly  contracting  heart,  where  the  pool  represents  the 
auricle  and  the  outlet  the  A-V  bundle. 

*  Aided  by  a  graut  from  the  British  Medical  Association. 
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But  suppose  the  water  in  the  same  pool  to  be  disturbed  at  a  large 
number  of  separate  points  (Fig.  2),  so  that  the  whole  surface  is  lashed  into 
innumerable  waves  and  ripples,  travelhng  in  many  directions.  What 
happens  at  the  outlet  ?  If  this  be  suflficiently  narrow  the  separate  outgoing 
waves  will  be  of  the  same  form  as  before  ;  the  general  line  of  each  will  be  at 
right  angles  to  the  stream,  and  after  the  immediate  outlet  is  passed  they  will 
no  longer  clash  but  will  pursue  each  other  in  parallel  course  along  the  length 
of  the  stream.  Nevertheless  their  succession  will  be  a  perfectly  irregular 
one.  Such  I  imagine  to  be  the  analogous  conditions  when  the  auricle  is 
fibrillating. 


Fig.   1. 


Fi-r.    2. 


Fig.  1  and  2.     Diagrams,  illustrating  the  writer's  conception  of  the  paths  taken  by  the  contraction 
waves  in  the  auricle.      1.  while  the  auricle  beats  co-ordinately  and  2,  while  it  fibrillates. 

The  hypothesis  has  suggested  a  simple  experiment.  If  it  be  correct, 
then  the  reason  why  the  A-V  bundle  fails  to  convey  fibrillation  from  one 
chamber  to  another  is  that  it  is  a  narrow  channel. 


Fig.   .3.     A  diagram  of  the  right  auricle,  showing  the  positions 
applied  to  the  base  of  the  appendix.      Pa — pacemaker. 


1   and  2)  in  whicii  tlio  clamp  is 


For  the  purpose  of  the  corroborative  experiment,  I  have  used  dogs, 
anaesthetised  with  morphia,  paraldehyde  and  ether.  The  heart  is  exposed 
and  a  fine  suture  run  under  the  epicardium  at  the  tip  of  the  auricular  appendix. 
Stretching  the  appendix,  a  strong  clamp  is  apphed  across  its  base  (Fig.  1), 
at  such  pressure  as  to  break  the  softer  muscular  tissue  A\ithout  destroying 
the  stronger  eiDicardium  and  endocardium  ;  the  success  of  the  crush  is 
indicated  by  the  transparency  of  the  tissues  directly  after  the  clamp  is 
removed.     The  crush  is  carried  half  across  the  appendicular  base  (1),  starting 
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from  the  cavo-appendicular  angle,  and  the  clamp  removed.  The  appendix 
regains  its  former  outline  and  contains  its  blood.  A  second  crush  (2)  is 
carried  up  towards  the  first  from  the  A-V  groove,  so  that  the  two  almost 
meet.  The  muscle  of  the  auricular  appendix  is  thus  isolated  from  that  of  the 
main  mass  of  auricular  tissue,  except  at  two  points,  one  in  front  and  one 
behind.  By  twisting  the  appendix  a  httle  and  reapplying  the  clamp,  one 
of  the  bridges  is  easily  broken  ^^'ithout  damage  to  the  remaining  one.  The 
appendix  is  now^  in  connection  with  the  auricle  by  a  single  muscle  bridge 
which  can  be  reduced  in  size  if  it  is  desired. 

The  rest  of  the  experiment  consists  in  faradisation  of  appendix  and 
auricle  and  observing  the  effects  electrocardiographically.  When  the  auricle 
is  faradised,  the  usual  fibrillation  of  auricle  results  and  the  ventricle  beats 
quite  irregularly  in  response  to  it.  The  fibrillation  of  the  auricle  is  recognised 
by  the  disappearance  of  the  P  summits  from  the  electrocardiograms  and  by 
the  appearance  of  irregular  oscillations  (/./.  Fig.  5  and  6).  It  is  difficult 
to  state  what  happens  to  the  appendix  meanwhile,  as  its  movements  are 
confused  by  the  irregular  tug  from  auricle  and  ventricle. 

//  the  appendix  is  faradised  with  the  same  current  it  is  seen  to  fibrillate, 
but  the  auricle  does  not  fibrillate,  it  beats  rapidly,  co-ordinately  and 
irregularly.  The  relation  of  appendix  and  auricle  which  exists  when  the 
bridge  of  tissue  is  sufficiently  narrow  is  precisely  that  of  auricle  and  ventricle 
under  ordinary  circumstances.  A  fibrillating  auricle  produces  co-ordinate 
but  grossly  irregular  ventricular  contractions.  A  fibrillating  appendix 
produces  co-ordinate  but  grossly  irregular  auricular  contractions  and  the 
auricular  disturbance  is  accompanied  by  a  parallel,  or  almost  parallel, 
ventricular  action  (Fig.  4,  7  and  8). 

In  the  electrocardiograms  the  ventricular  action  is  irregular  but  each 
ventricular  beat  is  preceded  by  an  auricular  one.  A  gross  irregularity,  in 
which  auricle  and  ventricle  participate  is  seen. 

Thus  it  is  shown  that  the  hindrance  to  the  passage  of  fibrillation  itself 
from  auricle  to  ventricle  or  from  ventricle  to  auricle  is  not  necessarily  the 
result  of  pecuhar  properties  of  the  junctional  tissues,  but  is  more  probably 
due  to  the  simple  narrowness  of  the  tract  along  which  the  impulses  course. 

It  is  necessary  that  the  bridge  between  appendix  and  auricle  should  be 
reduced  to  a  milUmetre  or  a  little  less  before  the  desired  result  is  obtained  ; 
the  final  stages  in  the  reduction  may  be  accomplished  by  means  of  a  sharp 
and  pointed  knife.  Complete  destruction  of  the  bridge  immediately  precludes 
the  passage  of  any  impulses  which,  if  they  traversed  the  bridge,  would 
produce  irregular  action  of  the  auricle.*  If,  under  these  conditions,  the 
appendix  is  faradised,  it  fibrillates,  while  the  auricle  continues  its  regular 
beating. 

The  type  of  electrocardiogram  obtained  after  crushing  the  base  of  the 
appendix  and  faradisation  of  the  appendix  is  not  without  interest.     The 

*  Fredericq  has  recently  reported  a  similar  observation  (Archiv.  internat.  de  Physiol.,  1912, 
xii,   109). 
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bridge  lies  in  the  immediate  neighbourhood  of  the  pacemaker  {Pa).  It 
sends  forth  impulses  and  these  originate  contraction  waves  which  course 
through  the  auricle  in  an  almost  normal  direction.  The  auricular 
rejD resent ative  in  the  curve,  which  is  distinct  before  each  ventricular 
contraction,  is  of  very  similar  form  to  that  of  the  normal  beat  in  the  same 
animal  (Fig.  7,  8  and  9). 

There  remains  but  a  single  consideration.  If  the  appendix  is  faradised 
before  its  base  is  crushed,  the  whole  auricle  fibrillates  ;  after  the  crushing, 
fibrillation  is  confined  to  the  appendix.  The  fibrillation  which  results  in 
the  main  mass  of  the  auricle  when,  as  in  these  experiments,  a  faradic  current 
is  applied  by  means  of  a  bi-polar  electrode  to  the  appendix,  is  not  due  to 
simple  spread  of  the  current  to  the  auricle  ;  if  that  were  so  the  main  mass  of 
auricle  should  fibrillate  subseciuent  to  the  crushing.  Fibrillation  spreads 
through  living  tissue.  The  fibrillation  of  a  muscle  area  distal  to  stimulation 
results  from  the  state  of  surrounding  tissue  elements.  As  a  bridge,  having 
a  sectional  area  of  one  square  millimetre  is  sufficient  to  transmit  fibrillation 
as  such,  it  seems  probable  that  fibrillation  is  induced  in  a  given  mass  of  tissue 
if  an  area  of  fihrillaiing  muscle  of  these  dimensions  is  in  continuity  with  it. 
In  this  may  be  found  the  reason  why  fibrillation,  M'hen  once  established,  tends 
to  persist,  for  unless  it  is  brought  to  a  close  in  all  parts  of  the  auricle  or 
ventricle  simultaneously,  the  area  in  which  it  persists  should  maintain  the 
condition  in  all  adjoining  areas. 
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THE    ESTIMATION    OF    SYSTOLIC    BLOOD-PRESSURE    IX    MAN 
WITH    SPECIAL    REFERENCE    TO    THE    INFLUENCE    OF 

THE    ARTERIAL    WALL. 

By  J.  A.  MACWILLIAM  and  J.  E.  KESSON. 

{From  the  Physiological   Laboratory  of  the    University  of 

Aberdeen). 

The  first  part  of  this  paper  deals  with  an  experimental  investigation  of  the 
properties  of  surviving  arteries  as  bearing  on  the  estimation  of  the  pressure 
inside  them,  and  the  second  part  with  the  appUcation  of  the  experimental 
results  to  clinical  conditions. 

Part  I. 

Previous  investigations. 

Von  Basch,!^  testing  the  radial  arteries  by  a  somewhat  crude  method, 
found  that  only  1  mm.  Hg.  was  required  to  close  healthy  vessels  and  not  much 
more  than  5  mm.  for  sclerosed  vessels. 

C.  J.  Martin^  worked  \Yith.  the  carotids  of  man,  horse  and  dog,  perfusing 
them  with  a  non-pulsatile  stream  of  water  and  testing  the  external  pressure 
necessary  to  stop  the  floAv.  In  healthy  arteries  he  found  2  mm.  sufficient, 
and  not  more  than  7  mm.  in  an  advanced  case  of  sclerosis.  He  concluded 
that  a  determination  of  the  external  pressure  necessary  to  obhterate  an 
artery  is  a  vahd  indication  of  the  internal  pressure  with  the  small  deductions 
just  stated. 

HilH  concludes  that  the  obliteration  method  is  exact,  and  does  not  admit 
that  resistance  of  the  arterial  wall  to  compression  has  any  appreciable  effect 
on  the  readings.  He  and  Flack^  measured  the  difference  in  two  arteries 
placed  at  different  levels  in  relation  to  the  heart,  the  proof  being  that  the 
pressure  differs  by  the  hydrostatic  pressure  of  the  column  of  blood  between 
the  two  points  of  measurement.  They  reason  that  this  would  be  very 
unlikely  to  hold  good  if  the  arterial  wall  affects  the  reading,  as  different 
arteries  vary  in  pathological  cases,  and  also  from  the  improbability  of  the 
two  arteries  being  equally  contracted  in  view  of  their  being  exposed  to  different 
pressures,  it  being  assumed  that  an  artery  exposed  to  lessened  pressure 
dilates,  while  to  increased  pressure  it  contracts.  (This  last  assumption, 
however,  has  been  invahdated  by  recent  work.)  As  another  means  of 
verifying  the  accuracy  of  the  systolic  index  the  same  observers  measured 
the  venous  pressure  in  the  forearm  while  an  armlet  compressing  the  brachial 
artery  was  kept  at  5  mm.  Hg.  below  the  obliteration  pressure  ;   they  found 
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that  the  venous  pressure  rose  to  the  pressure  present  in  the  brachial  armlet, 
thus  showing  the  obliteration  method  to  be  correct,  at  least  within  5  mm. 
They  obtained  a  result  within  20  mm,  in  a  case  with  hard  arteries  and  an 
obliteration  pressure  of  220  mm.  in  some  later  observations. 

Mummery,  1°  repeating  experimental  observations  by  Riva-Rocci  and 
Gumprecht  compared  the  obliteration  pressure  as  estimated  by  an  armlet 
on  the  thighs  of  three  dogs  with  the  intra-arterial  pressure  recorded  by  a 
mercury  manometer  at  the  same  time  and  found  confirmation  of  the  accuracy 
of  the  obliteration  method.  It  may  be  noted  that  the  pressures  found  are 
abnormally  low  for  the  dog's  femoral  (64-110  mm.)  as  compared  with  the 
usual  values,  suggesting  that  possibly  the  tone  of  the  arterial  wall  may  have 
been  very  slight.  An  ordinary  manometer  was  used  ;  without  a  valve  it  is 
impossible  to  measure  systohc  pressure  with  any  accuracy  with  a  mercury 
manometer. 

Hensen^  advanced  evidence  throwing  doubt  on  the  sclerosed  arterial 
wall  markedly  affecting  the  readings. 

RusselP^  has  repeatedly  urged  the  importance  of  hypertonus  in  sclerosed 
arteries,  and  has  depicted  very  thick-walled  vessels  (radials,  &c.)  showing 
much  thickening  of  the  muscular  coat,  the  hypermyotrophy  of  Savill.  He 
contends  that  arterial  h3rpertonus,  rather  than  arterial  hypertension,  is 
largely  what  is  measured  by  the  obliteration  method.  He  regards  the 
changes  in  high  readings  following  the  administration  of  vaso-dilating  drugs, 
&c.,  as  due  to  the  effect  of  the  latter  on  the  wall  of  the  brachial  artery  rather 
than  on  the  actual  blood-pressure  inside  the  artery  ;  the  evidence  he  lays 
most  stress  on  in  support  of  this  view  is  derived  from  palpation  of  the  arterial 
tube  (radial  usually).  But  he  adduces  no  evidence  to  exclude  change  in  the 
peripheral  arterioles  under  the  influence  of  these  drugs  as  the  dominant  factor 
in  determining  a  lower  reading,  depending  on  a  lowering  of  the  actual 
blood  pressure.  Russell  has  experimented  with  rubber  tubes  and  with 
arteries  which  had  been  treated  with  formalin.  The  significance  of  such 
exj)eriments  is  however  greatly  impaired  by  their  remoteness  from  the 
conditions  present  in  living  arteries.  Rubber  tubes  are  known  to  offer 
great  resistance  to  obliteration,  as  do  arteries  after  formalin,  but  the  relation 
of  the  behaviour  of  such  tubes  to  that  of  hving  arteries  is  a  remote  one. 

Russell  argues  that  a  small  thick- walled  tube  must  offer  more  resistance 
to  compression  than  a  larger  thinner-walled  tube.  While  this  is  unquestion- 
ably true,  caeteris  fctrihus,  it  does  not  carry  us  far  toAvards  any  definite  idea 
of  the  importance  of  the  arterial  wall  in  blood-pressure  estimations.  For 
as  the  resistance  of  the  relaxed  brachial  artery  is  merely  nominal  (one  or  two 
milhmetres  of  mercury),  it  is  obvious  that  if  the  resistance  in  the  contracted 
state  were  several  times  greater  it  would  still  be  of  little  moment.  How 
much  more  resistance  is  offered  by  the  wall  of  a  contracted  artery  cannot 
be  deduced  from  a  comparison  of  the  relative  measurements.  It  is  clear 
that  the  resistance  offered  by  the  contracted  muscle  can  only  be  determined 
by  direct  experiment  under  conditions  of  precision  in  living  arteries, 
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Oliver^i  ascribes  considerable  importance  to  the  resistance  of  the 
arterial  Avail  on  the  ground  of  the  decided  differences  which  he  has  sometimes 
found  between  the  two  arms  and  between  arm  and  forearm  by  the  armlet 
method  ;  also  on  account  of  the  chflferent  readings  which  he  has  obtained 
by  his  hsemadynamometer  as  compared  with  the  armlet  method,  especially 
in  pathological  conditions  and  in  old  age.  In  regard  to  the  latter  Hill 
expresses  doubts  as  to  the  rehabihty  of  the  haemadjTiamometer  readings. 

Muller  and  BlaueP  making  observations  during  amputations  found  the 
obhteration  pressure  to  be  7  to  10  mm.  above  the  true  systoUc  pressure. 

Volhard^"  obtained  some  rather  higher  values,  10  to  13  mm. 

Herringham,3  perfusing  post-mortem  arteries  with  a  non-pulsatile  stream 
of  water,  found  considerable  differences  in  the  obhterating  pressure,  4-22  mm., 
and  in  one  a  resistance  of  34  mm.  Hg.  He  reported  similar  findings  in  eight 
arteries  (one  of  60  mm.)  after  means  had  been  taken  to  exclude  the  possible 
existence  of  persistent  contraction.  The  existence  of  some  torsion  in  the 
artery  has  been  suggested  by  Janeway  and  Park  as  possible  cause  of  resistance 
in  these  cases. 

Williamson,  ^^^'  ^^  examining  high-pressure  cases  ^\\\.\\  degenerated  arteries 
has  found  differences  between  the  arm  and  leg  pressures  in  the  horizontal 
position  sometimes  amounting  to  50  mm.  Hg. 

Scholtyssek^^  and  Schmidt  ^^  using  excised  arteries  recorded  varying 
resistances  of  no  great  amount. 

Janeway  and  Park"  experimented  ^Wth  dead  human  vessels  (carotids, 
lilacs  and  vessels  from  amputated  Umbs)  and  also  with  surviving  arteries 
from  oxen  (presumably  healthy  animals),  chiefly  carotids,  but  including  a 
few  mesenteries.  From  these  experiments  they  conclude  that  atheroma 
has  no  appreciable  effect  on  the  compressibihty,  and  calcification  only  a 
moderate  effect,  and  that  in  chnical  determinations  under  suitable  conditions 
even  advanced  arterial  thickening  and  calcification  probably  do  not  introduce 
an  error  of  any  importance.  Contraction  of  the  arterial  muscle  they  find 
to  be  a  definite  factor  in  influencing  compressibihty  ;  they  regard  as 
improbable  any  error  of  more  than  30  mm.  Hg.  in  the  brachial  artery  of  man. 
They  beheve  "  that  Russell's  contention  that  hyjiertonic  contraction,  and  not 
high  blood  pressure  is  the  cause  of  the  high  readings  obtained  with  chnical 
instruments,  has  no  basis  in  fact."  At  the  same  time  they  acknowledge  that 
Russell  has  called  attention  to  the  influence  of  arterial  contraction  on 
chnical  readings. 

RusselP^  repudiates  the  statement  in  Janeway  and  Park's  paper  as 
misrepresenting  his  contentions. 

Nature  of  the  present  investigation. 

In  the  first  part  of  this  inquiry  we  have  sought  to  determine,  by 
hundreds  of  experiments  on  excised  arteries,  the  behaviour  towards 
compression  of  surviving  arteries  in  contraction,  relaxation,  &c.,  both  in  the 
case  of  normal  vessels  and  the  altered  vessels  of  old  age  and  disease.     Wo 
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have  obtained  a  very  large  mass  of  data  affording  conclusive  evidence  in 
regard  to  certain  features  in  the  properties  of  such  vessels  taken  from  animals, 
the  available  supply  of  human  arteries  in  suitable  condition  being  very 
inadequate.  Ordinary  dead-house  arteries  provide  no  criterion  of  what  the 
resistance  of  the  wall  of  a  living  artery  may  amount  to.  The  presence  of 
considerable  resistance  in  a  dead  artery,  if  such  can  be  shown,  would  be  very 
significant,  for  there  is  no  e^'idence  to  suggest  that  the  resistance  could  be 
less  in  the  li^ang  state.  But  the  absence  of  any  appreciable  resistance  in  the 
dead  vessel  would  prove  nothing  as  to  what  the  living  artery  -w-itli  its  muscular 
tone,  &c.,  might  offer. 

Much  of  the  conflict  of  evidence  on  this  subject  appears  to  have  arisen 
from  the  use  of  vessels  in  very  different  conditions,  dead,  living,  relaxed, 
contracted,  &c.  In  the  earher  investigations  dead  arteries  were  used,  both 
human  and  animal  ;  comjDaratively  few  pathological  arteries,  even  in  the 
dead  state,  have  been  tested. 

We  have  felt  it  to  be  of  essential  importance  to  use  living  arteries,  not 
only  in  the  healthy  state  but  also  in  conditions  of  thickening  and  sclerosis. 
The  possibihties  in  the  shape  of  resistance  to  compression  that  may  be 
offered  by  contracted  and  thickened  arteries  constitute  the  crucial  question 
and  the  one  of  most  urgent  importance  in  regard  to  the  reliabihty  of  blood- 
pressure  readings  under  clinical  conditions.  In  tliis  connection  we  have 
largely  availed  ourselves  of  the  use  of  arteries  (especially  the  leg  arteries) 
from  old  and  diseased  horses  in  which  marked  thickening  of  the  muscular 
coat  was  commonly  present. 

We  have  found  the  investigation  to  be  by  no  means  so  simple  as  might 
be  imagined,  and  the  sources  of  fallacy  in  some  methods  which  we  tested  in 
the  earlier  stages  of  the  inquiry  were  found  to  be  of  a  serious  character. 
Some  of  our  earlier  observations  have  been  set  aside  on  this  account. 


Methods. 

The  resistance  offered  by  the  arterial  wall  to  compression  was  examined 
in  two  conditions  of  internal  pressure,  (1)  A^ith  a  continuous  or  non-pulsatile 
stream,  and  (2)  with  a  pulsatile  stream  through  the  vessel. 

Continuous  stream.  The  length  of  artery  to  be  tested  (after  ligature 
of  branches)  had  a  glass  tube  tied  into  each  end  ;  after  being  tested  for 
leakage  (by  air-pressure)  it  was  placed  in  a  glass  compression  tube  similar 
to  that  used  by  Martin.  At  least  10-12  cm.  of  artery  was  subjected  to 
compression,  often  15-16  cm.  ;  it  is  obviously  important  that  a  length  at 
least  equal  to  that  compressed  by  the  armlet  used  clinically  should  be 
employed.  The  arteries  were  tested  as  soon  after  death  as  was  practicable  ; 
in  the  interval  they  were  kept  in  defibrinated  blood  (oxygenated)  in  a  vessel 
cooled  by  ice. 
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The  internal  pressure  system  was  arranged  in  the  following  way.  A 
stream  of  Ringer's  fluid  was  passed  through  the  artery  at  a  definite  pressure, 
read  by  a  mercury  manometer  connected  with  the  supply  tube  as  shown 
in  Fig.  1  ;  it  finally  escaped  through  a  glass  tube  drawn  to  a  point  so  as  to 
offer  considerable  resistance  to  the  outflow.  The  supply  tube  comes  from  a 
bottle  containing  Ringer's  fluid  from  which  it  is  driven  by  air-pressure 
communicated  from  a  large  bottle  into  which  water  is  allowed  to  flow  from 
a  reservoir  elevated  to  a  suitable  level.  (A  ball-filler  connected  with  the 
supply  tube  is  useful  for  some  experimental  purposes,  e.g.,  getting  up  the 
pressure  in  the  supply  tube  prior  to  beginning  the  flow  from  the  upper 
reservoir,  &c.).  Another  bottle  supplies  Ringer's  fluid  to  surround  the  artery 
in  the  compression  tube  and  apply  pressure  to  it  to  test  obliteration,  &c.  ; 
this  bottle  was  also  connected  mth  an  OHver's  compressor  for  raising  the 
pressure  in  the  fluid  surrounding  the  artery,  the  height  of  this  pressure  being 
shown  by  a  second  mercury  manometer.  This  constitutes  the  external 
pressure  system.  The  difference  in  height  of  the  columns  of  mercury  in  the 
two  manometers  shows  the  excess  of  pressure  outside  the  artery  over  that 
inside  the  vessel  which  is  necessary  for  "  obhteration,"  i.e.,  to  cut  do^vn  the 
flow  to  a  point  corresponding  Avith  the  aboUtion  of  the  pulse  wave  when  a 
pulsatile  stream  was  used.  In  the  arrangement  we  used,  this  point  was 
indicated  by  a  discharge  from  the  nozzle  at  the  rate  of  one  drop  per  second. 

When  it  was  desired  to  test  another  fluid  instead  of  Ringer's,  e.g. 
solution  of  barium  chloride  adrenalin,  &g.,  connections  were  made  as 
indicated  by  the  dotted  lines  at  the  upper  part  of  Fig.  1. 

Pulsatile  stream.  When  a  pulsatile  flow  was  to  be  used,  certain 
modifications  were  introduced  into  the  foregoing  arrangement.  Rhythmical 
closure  of  the  tube  leading  to  the  artery  was  provided  for  by  an  electro- 
magnetic interruptor  placed  at  the  point  marked  X,  the  coils  of  this  interrupter 
being  in  circuit  with  a  clock  which  interrupted  the  electric  current  at  a 
constant  rate  {e.g.,  60  per  min.).  In  this  way  GO  pulsations  per  minute  were 
produced  in  the  stream  passing  through  the  artery.  In  some  experiments 
a  x^iece  of  highly  distensible  tubing  was  put  in  to  represent  an  aorta, 
immediately  after  the  interruptor.    The  interruptor  is  shown  in  Fig.  2. 

Instead  of  the  single  Hg.  manometer  used  with  the  continuous  stream, 
a  convenient  arrangement  of  valved  manometers  (maximal  and  minimal) 
to  show  systolic  and  diastolic  pressures  and  a  "  compensated  "  manometer 
(for  mean  pressure)  was  employed,  being  connected  with  the  stream  between 
the  interruptor  and  the  compression  tube  containing  the  artery  and  as  near 
to  the  latter  as  possible.  On  the  distal  side  of  the  compression  tube  a  piece 
of  relaxed  artery  {e.g.,  carotid  of  sheep)  A\as  interposed,  so  that  the  pulse 
could  be  felt  there  and  its  disappearance  and  reappearance  determined  by  the 
ordinary  tactile  method.*     The  artery  in  the  compression  tube  was  tied  on 


*  When  a  continuous  stream  is  used,  this  piece  of  artery  must  not  be  interposed  ;    it  would 
introduce  a  source  of  error  by  acting  as  an  elastic  reservoir. 
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glass  tubes  of  similar  and  uniform  calibre  ;   cannulas  (with  constricted  necks) 
were  avoided. 

Sometimes  in  experiments  with  the  pulsatile  stream,  air  was  substituted 
for  Ringer's  fluid  as  the  compressing  medium  around  the  artery,  to  diminish 
the  danger  of  interference  weaves  being  set  up  in  the  liquid  around  the  artery 
(in  certain  circumstances,  with  very  distensible  artery,  &c.)  from  the  pulsation 
of  the  vessel.  Interference  of  this  sort  was  checked  (when  fluid  was  used) 
by  temporarily  turning  off  the  stopcocks  leading  to  the  manometer  and  the 
pressure  bottle. 


C^om pressioix  tube  H-ithartcr^ 


Si </e  tube  iefifJi nt 
to  second  outlet 


Fig. 


Fig.  1.  Arrangement  for  testing  obliteration  pressure  in  arteries  "o-ith  (a)  a  non-pulsatile  or  (6) 
pulsatile  flow  of  perfused  fluid.  The  dotted  lines  indicate  additional  tubes  necessary  when 
a  pulsatile  sjstem  is  to  be  used.  The  Hg  manometer  comiected  with  the  internal  pressure 
sjstein  is  then  replaced  by  the  arrangement  of  valved  manometers  inentioned  in  the  text, 
not  shown  in  the  figure.     The  electro-magnetic  interrupter  is  applied  near  the  place  marked  X. 


Much  care  was  necessary  in  examining  for  leakage,  in  avoiding  air  locks 
from  bubbles  in  the  perfusing  fluid,  torsion  of  the  arterial  tube,  &c.  The 
vessel  was  placed  in  a  state  of  moderate  extension  to  imitate  its  state  in  a 
limb  ;    various  degrees  of  extension  Avere  tried. 

In  some  experiments  instead  of  applying  the  obliterating  external 
pressure  to  the  artery  through  liquid  or  air  in  a  compression  tube  as  described 
above,  we  have  supported  the  artery  against  a  wooden  "  humerus  "  and 


ARTERIAL     WALL     ASD     BLOOD     PRESSURE.    285 

applied  air  pressure  in  the  usual  way  through  an  armlet,  the  latter  being 
either  directly  in  contact  \Wth  the  artery  or  separated  by  animal  tissues  and 
an  enclosing  membrane,  a  sort  of  artificial  "  arm  "  round  which  the  armlet 
was  ajDphed  in  the  usual  way. 

Another  i)lan  was  to  embed  the  perfused  artery  in  an  animaUs  hmb 
round  which  the  armlet  was  apphed  in  the  usual  way,  and  the  obhteration 
tested  as  before.  Care  must  be  taken  that  the  weight  of  a  superincumbent 
mass  of  muscle  does  not  press  on  the  artery. 

The  results  obtained  by  these  methods  were  entirely  confirmatory  of 
those  obtained  with  the  compression  tube,  which  was  ordinarily  employed. 

Comparison  of  continuous  and  pulsatile  streams.  It  was  necessary  to 
comj^are  these  very  carefully  so  as  to  obtain  a  definite  index  of  pulse 
obhteration  which  could  be  apphed  to  the  continuous  stream.  Complete 
stopi^age  of  flow  would  obviously  not  afford  any  vahd  criterion,  as  the 
transmission  of  the  jDulse  must  be  blocked  in  the  compressed  area  before  the 
flow  is  completely  arrested. 

An  artery  sho^^•ing  an  ascertained  and  constant  resistance  was  tested 
for  the  obhteration  point  by  the  tactile  method,  while  a  pulsatile  flow  was 
going  on  ;  the  amount  of  external  pressure  necessary  to  stop  the  pulse  being 
thus  determined,  a  continuous  stream  was  substituted  for  the  pulsatile  one 
and  the  same  external  pressure  as  before  apphed  ;  it  was  found  that  the  flow 
was  not  arrested,  perfusion  fluid  still  escaping  from  the  fine-pointed  outlet 
tube  or  nozzle  at  the  rate  of  one  drop  per  second,  determined  by  com^Darison 
with  a  metronome.  Of  course  the  rate  of  dropping  would  vary  with  the  size 
of  nozzle  employed  ;  with  the  one  we  used  the  rate  stated  served  as  a  very 
definite  pulse-index — the  pulse-disappearance  index  (visual  method).* 

The  pulse-reappearance  index  is  a  definite  acceleration  of  the  rate  of 
dropping  from  the  one  per  second  standard.  This  always  came  at  a  lower 
level  of  external  pressure,  the  amount  of  the  lowering  varying  according  to 
circumstances,  the  condition  of  the  artery,  the  height  above  the  obhteration 
point  to  which  the  external  pressure  was  raised,  and  the  time  it  was  kept  up 
before  the  lowering  began.  With  our  experimental  arrangement,  when  we 
raised  the  external  pressure  only  just  enough  to  give  the  pulse-disa^Dpearance 
index  and  at  once  began  lowering  carefuUy  the  pulse-reappearance  index 
usuaUv  showed  at  a  few  mm.  below  the  other,  i.e.,  the  difference  between 
the  two  indices  was  trivial,  at  least  in  arteries  not  shoAving  much  resistance. 
On  the  other  hand  when  the  external  pressure  was  run  up  far  above 
the  pulse-disappearance  level  and  kept  up  for  some  httle  time  before  being 
lowered,  with  contracted  arteries,  the  pulse-reappearance  index  came  at  a 
much  lower  level.  The  conditions  in  such  a  case  api)roacli  those  present 
when  repeated  compression  or  prolonged  compression  is  employed,  with 
effects  described  later.     Thus  an  artery  which  showed  a  diff'erence  of  30  mm. 


♦  Olivers  screw -compressor  is  very  convenient  for  accurately  graduating  the  external 
pressure.  The  continaous  stream  used  is  at  the  same  pressure  as  the  sj'stoUc  pressxire  in  tha 
pulsatile  streaoi. 
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between  disappearance  and  reappearance  when  the  external  pressure  had 
been  kept  up  for  one  minute  before  reappearance  was  allowed,  showed  only 
slight  differences  {e.g.,  2-5  mm.,  &c.)  when  the  lowering  of  the  external 
pressure  was  begun  immediately  after  the  point  of  disappearance. 

The  method  of  the  continuous  stream  we  employed  very  largely  ; 
amongst  other  things  it  obviates  the  possibility  of  alterations  in  the  resistance 
of  the  arterial  wall  being  complicated  by  altered  conduction  of  the  pulse 
wave  in  a  more  contracted  or  less  contracted  artery,  when  the  pulsatile 
stream  was  used.  This  is  of  importance  in  testing  the  effects  of  repeated 
compression  of  an  artery  on  its  obliteration  pressure  ;  with  a  continuous 
stream  altered  readings  must  be  ascribed  to  changes  in  the  resistance  which 
the  arterial  wall  offers  to  compression. 

A  comparative  experiment  on  the  carotid  of  the  ox  is  here  given  : 


Natl'ke  of  flow. 

IXTERNAI.    PRESS  LKE. 

Oblitekatiox 

PKESSt-RE. 

(jiaximcm) 

(tactile) 

(visual) 

Continuous 

130 

— 

140 

Pulsatile 

126 

uo 

140 

Pvilsatile 

122 

132 

130 

Continuous 

120 

— 

12S 

The  resistance  of  the  arterial  wall  here  comes  out  as  8-10  mm.,  by  the 
visual  method  with  a  continuous  flow,  and  as  8-14  mm.  by  the  tactile  method 
with  a  pulsatile  flow. 

In  a  sheep's  carotid  showing  very  slight  resistance  with  a  systolic  internal 
pressure  of  146,  the  tactile  gave  150  for  the  disappearance  and  148  for  the 
reappearance  of  the  pulse,  the  same  pressures  gave  drops  from  the  nozzle 
at  the  rate  of  one  drop  in  about  a  second  ^^-ith  disappearance  and  at  a 
definitely  cj[uickened  rate  with  reappearance  of  the  pulse. 

The  test  by  a  pulsatile  stream  differs  from  that  performed  with  a  non- 
pulsatile stream  in  regard  to  the  influence  of  constriction  of  the  arterial 
lumen  upon  the  obliteration  readings.  Excessive  constriction  bej^ond  a 
certain  point  diminishes  the  systohc  wave  along  the  arterial  tube  leading 
to  the  place  of  obhteration,  and  so  makes  the  pulse  disappear  at  a  lower  level 
of  external  pressure  ;  in  this  way  extreme  constriction  acts  in  the  opposite 
direction  to  that  of  the  increased  resistance  of  the  contracted  arterial  wall 
with  the  result  that  the  influence  of  the  latter  upon  the  obhteration  reading 
may  be  diminished  by  the  former.  Under  such  conditions  the  indications 
yielded  by  the  continuous  stream  are  not  identical  with  those  given  by  the 
pulsatile  arrangement,  the  former  giving  higher  readings  than  the  latter. 

We  have  experimented  with  tubing  of  different  sizes  and  have  obtained 
results  from  which  we  conclude  that  with  blood-pressure  estimations  made 
on  such  an  artery  as  the  brachial  this  factor  is  not  of  practical  importance. 
We  compared  the  influence  of  ec|ual  lengths  of  tubing  of  very  different 
cahbres  placed  in  the  course  of  the  stream  going  to  the  artery  in  the  compression 
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tube,  and  found  no  appreciable  effect  except  with  diminutions  of  calibre  that 
are  not  apphcable  to  the  vascular  channel  leading  to  the  seat  of  brachial 
compression. 

When  the  pulsatile  and  the  continuous  stream  gave  similar  results  in  an 
artery  in  the  contracted  and  relaxed  states,  it  is  evident  that  no  appreciable 
part  can  be  jDlayed  by  altered  conduction  of  the  systolic  wave  in  the  contracted 
as  compared  with  the  relaxed  tube. 

Again,  when  a  contracted  artery  is  softened  at  one  spot  {e.g.,  by  crushing 
with  a  forceps  for  a  length  of  3-5  mm.  or  so)  the  resistance  to  compression  will 
be  reduced  to  the  small  amount  offered  at  the  weak  spot,  while  there  can  be 
no  appreciable  change  in  the  conduction  from  the  softening  of  so  very  limited 
an  area,  the  (comparative)  rigidity  of  the  rest  of  the  tube  remaining 
unchanged. 

It  is  perhaps  hardly  necessary  to  remark  that  the  use  of  water  as  a 
perfusing  fluid  is  inadmissible.  In  the  case  of  hving  arteries  very  extensive 
changes  are  caused  by  water,  stiffening  and  extreme  contraction,  change  in 
colour,  &c.  The  contraction  may  be  so  excessive  that  the  lumen  of  even  a 
large  artery  may  be  nearly  closed  ;  we  found  that  a  carotid  from  the  ox 
showing  a  lumen  of  5-6  mm.  when  relaxed,  became  so  constricted  that  the 
water  (under  a  pulsating  pressure  comparable  to  blood-pressure)  only  came 
through  in  drops. 

In  the  case  of  dead  arteries,  with  which  water  has  been  used  by  some 
investigators,  its  physical  effects  are  not  marked,  though  its  employment 
is  obviously  undesirable. 

We  ma}'  refer  to  the  importance  of  using  valved  manometers  when 
working  with  a  pulsating  stream.  The  Hg.  manometer  which  has  sometimes 
been  used,  shows  neither  systolic  nor  diastoHc  pressure  correctly,  the  nature 
and  extent  of  the  errors  varying  with  the  rate  of  pulsation,  &c.  No  accurate 
readings,  except  of  mean  pressure  can  be  got  from  a  pulsating  stream  by  its 
use,  unless  suitable  valves  are  interposed. 


Types  of  artery  examined. 

The  arteries  examined  were  taken  from  various  animals*  (horse,  ox, 
sheep,  cat,  &c.),  as  soon  as  possible  after  death.  When  excised  they  were 
left  embedded  in  the  surrounding  tissues  and  put  into  oxygenated 
defibrinated  blood  or  Ringer's  solution  till  about  to  be  examined.  If  not 
tested  at  once,  they  were  kept  in  these  fluids  in  a  cold  safe.  Vitality  was 
exceedingly  well  maintained  for  long  periods,  active  responses  to  stimulation 
being  manifested,  after  days,  &c.,  in  many  cases,  especially  in  the  horse's 
arteries. 

*  The  human  arteries  (of  sufficient  length)  wliich  we  have  examined  were  not  possessed  of 
sufficient  vitality  for  testing  their  resistance  in  a  strongly  contracted  state.  In  the  relaxed  state 
their  resistance  was  trivial  (1-2  mm.,  &c.). 
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In  the  necessary  ligaturing  of  branches,  very  numerous  in  some  arteries, 
care  was  taken  to  avoid  injury  or  distortion  of  the  vessel  wall  by  tying  the 
branches  a  little  distance  from  the  main  tube.  It  is  obvious  that  local  injury 
even  if  very  limited  would  vitiate  the  obUteration  test,  as  the  weakened  part 
would  naturally  become  closed  so  as  to  obstruct  the  stream  before  the  rest 
of  the  tube  has  been  compressed. 

Carotid  of  ox,  horse  and  sheep.  We  have  performed  many  experiments 
on  carotids  of  the  ox  and  sheep,  and  a  smaller  number  on  that  of  the  horse. 

The  carotid  of  the  ox  is  so  different  in  size  and  thickness  of  wall  from  the 
normal  human  brachial  that  numerical  values  obtained  from  the  former 
cannot  reasonably  be  transferred  to  the  latter.  But  large  strongly-muscular 
arteries  hke  these  carotids  can  be  usefully  employed  in  the  study  of  various 
properties  of  the  arterial  wall,  its  relative  resistances  in  the  living  and  dead 
and  in  the  contracted  and  relaxed  states,  the  effects  of  warming  and  cooling, 
drugs,  repeated  compression,  comparison  of  continuous  and  pulsatile  stream, 
relation  of  size  of  lumen  to  resistance  of  wall,  &c.  The  normal  carotid  of  the 
sheep  more  nearly  resembles  the  normal  human  brachial  and  can  be  more 
fairly  taken  to  give  comparable  numerical  values  as  regards  obliteration 
readings  in  various  conditions. 


? 


Fi".  2.  Electro-magnetic  interrupter  for  giving  a  pulsatile  stream.  Each  time  the  ciurent  is 
made  by  a  clock  the  horizontal  steel  bar  (1)  at  the  top  is  drawn  downward  by  the  electro- 
mafTiets  and  a  vertical  rod  (2)  comiected  with  it  presses  on  a  soft  rubber  tube  (3)  conveymg 
the  perfusion  fluid  and  temporarily  occludes  it,  usually  60  times  per  minute. 

The  metacarpal  and  metatarsal  arteries  of  the  horse  are  very  important 
for  experimental  purposes  in  this  connection,  as  they  can  be  obtained  from 
old  and  diseased  horses  in  various  conditions  of  thickening,  &c.,  while  they 
retain  their  vitality  long,  responding  actively  to  stimulation  after  days, 
when  kept  in  suitable  conditions. 

The  following  measurements  taken  from  such  arteries  will  indicate  their 
relative  dimensions.  We  must  emphasise  the  importance  (still  insufficiently 
realised)  of  ensuring  complete  relaxation  in  arteries  to  be  measured  ; 
otherwise  no  accurate  comparison  can  be  made  and  widely  varying 
measurements  may  be  got  from  the  same  vessel,  var3dng  amounts  of 
contraction  entirely  altering  the  size  of  the  lumen,  thickness  of  wall  and 


ARTERIAL     ]y  A  L  L    AND    BLOOD     P  R  E  S  S  U  R  E  .   'im 

middle  coat,  kc,  as  described  by  one  of  us  (J.  A.  MacWilliam)  in  conjunction 
■s^ith  A.  H.  Mackie,  a  good  many  years  ago.  We  have  ensured  relaxation 
in  some  of  the  various  ways  described  by  one  of  us  ;  most  commonly  by 
keeping  in  1%  sodium  fluoride  solution  or  boiled  Ringer's  solution  with  a 
Uttle  arsenious  acid  for  some  days  at  room  temperature  or  for  a  day  at 
38°  C,  by  ammonia  vapour,  sulpKocyanide,  &c.,  or  by  manipulation 
(kneading). 

We  beUeve  that  from  neglect  of  this  precaution  very  misleading 
conclusions  are  sometimes  arrived  at  as  to  thickening  of  the  arterial  wall, 
middle  coat,  &c. 


Brachial,  human* 

Inner  coat  .  . 

003 

Middle 

0-50 

Outer      ,, 

0-25 

Total  thickness  of  wall 

0-78 

Lumen 

417 

Carotid,  sheep. 

Inner  coat  .  . 

0028 

Middle 

0-420 

Outer      ,,    .  . 

0-168 

Total  thickness  of  wall 

0-616 

Lvimen. 

30 

Metacarpal.,  horse. 

Inner  coat  .  . 

003 

Middle    ,,    .  . 

0-513 

Outer      ,,    .  . 

0-31 

Total  thickness  of  waU 

0-853 

Lumen 

2-7 

Carotid,  ox. 

Inner  coat  .  . 

0-084 

Middle    , 

M7G 

Outer      ,,    .  . 

0-481 

Total  thickness   of  wall 

1-744 

Lumen 

6-0 

nun. 


Relaxation  and  contraction  of  arteries. 

Keeping  for  some  time  at  38^-40^  C.  in  defibrinated  blood  or  Ringer's 
fluid  is  the  simplest  mode  of  obtaining  relaxation,  and  perhaps  the  most 
unobjectionable  one,  in  arteries  arranged  for  experiment.  This  method  is 
generally  successful,  but  not  always  ;  in  some  instances  a  considerable 
amount  of  contraction  persists  after  the  vessel  has  been  kept    at    body 


*  The  waU  measurements  of  the  bracliial  here  stated  are  nearly  identical  with  those  given  by 
Ballance  and  Edmunds  ("  Ligation  in  Continuity,"  p.  46,  1891).  These  writers  do  not  state  the  size 
of  the  lumen  and  we  have  not  seen  any  very  definite  records  of  this,  though  no  doubt  such  exist. 
In  Quains  Anatomy  (10th  ed.  ii,  378)  it  is  stated  that  the  "  average  cahbre  "  of  the  brachial 
is  6  mm.  Vierordt  (Anat. -Physiol,  u.  Physikalische  Daten  u.  Tabellen,  1906)  puts  the  diameter 
at  7  mm.  at  its  beginning  and  5-6  mm.  at  its  end.  It  is  not  stated  whether  external  or  internal 
diameter  is  meant.  These  measurements  are  apparently  of  external  diameter ;  the  use  of  the 
term  "  cahbre  "  in  this  sense  is  misleading. 
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temperature  for  15-30  min.  or  longer.  Manipulation  of  an  artery  (rolling 
between  the  fingers,  &c.),  repeated  compression,  &c.,  also  have  relaxing 
eifects. 

There  are  other  means  of  obtaining  complete  relaxation,  but  they  usuallj'- 
involve  the  death  of  the  arterial  muscle,  e.g.,  keeping  in  blood  or  Ringer's 
fluid  or  1%  sodium  fluoride  in  a  warm  chamber  at  body  temperature  over- 
night, or  in  1^0  sodium  fluoride  at  room  temperature  for  longer  periods  (days). 
Ammonia  vapour  and  strong  sulphocyanide  solutions  are  powerful  and 
rapid  relaxing  agents  but  they  induce  other  changes  in  the  arterial  wall. 

Contraction  is  generally  yery  strongly  present  when  the  artery  is 
prepared  and  placed  in  the  compression  tube  to  be  tested,  at  room  temperature. 
In  opposition  to  the  generally  acce23ted  belief,  we  do  not  find  that  cold  per  se 
causes  arterial  contraction,  whether  it  be  coohng  to  room  temperature  or 
down  to  the  freezing  point.  Nor  does  exposure  to  the  air  have  much,  if  any, 
effect.  The  importance  of  a  cold  or  cool  temperature  {e.g.,  room  temperature) 
is  that  when  a  surviving  artery  is  brought  under  the  influence  of  the 
mechanical  irritation  of  cutting,  handling,  &c.,  cold  favours  the  contraction 
and  renders  it  persistent  for  long  periods  (days),  commonly  indeed  until  the 
vitalit}'  of  the  arterial  muscle  fades.  The  significance  of  a  relatively  low 
temperature  in  this  connection  is  shown  by  the  effect  of  restoring  the  artery 
to  body  temperature,  the  persistent  contraction  generally  becomes  relaxed, 
to  contract  again  on  cooHng. 

We  have  seen  no  reason  to  beheve  that  the  stiffness  and  resistance  of  a 
strongly  contracted  cold  artery  are  due  to  any  influence  of  the  cold  other 
than  its  power  of  determining  the  persistence  of  contraction  of  various 
degrees  of  intensity.  We  are  not  aware  of  any  evidence  to  show  that  a 
certain  degree  of  contraction  in  the  cold  state  makes  an  artery  stiffer  or  more 
resistant  to  compression  than  the  same  amount  of  contraction  induced  by 
other  influences  in  a  warm  artery.  A  dead  or  an  uncontracted  surviving 
artery  shows  no  difl'erences  of  that  sort  in  the  cold  as  compared  with  the 
warm  state.  Arteries  which  fail  to  show  much  contraction  at  room 
temperature,  as  is  sometimes  seen  in  the  carotid  of  the  horse  and  more  rarely 
in  that  of  the  ox,  then  give  c^uite  low  readings,  even  such  large  vessels  as  the 
ones  mentioned. 

To  induce  contraction  in  the  artery  kept  at  body  temperature,  adrenaHn 
and  barium  chloride  were  the  agents  most  commonly  used,  the  latter  in 
strengths  varying  from  0-5%  to  2-5%.  In  some  cases  an  isotonic  mixture  of 
the  chlorides  of  barium,  sodium,  calcium  and  potassium,  the  barium 
predominating,  was  tried.  It  was  only  in  exceptional  cases  that  arteries 
kept  at  body  temperature  showed  marked  contraction  without  the  use  of 
any  of  the  preceding  agents. 

In  many  experiments  the  obliteration  value  of  the  arterial  wall  (i.e., 
the  excess  of  external  over  internal  pressure  required  to  cause  obliteration) 
was  first  tried  at  room  temperature,  then  at  body  temperature,  and  lastly 
under  the  influence  of  the  vaso-constricting  solution,  the  fluids  of  the  internal 
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and  external  pressure  systems  {i.e.,  inside  and  outside  the  artery)  being  at 
the  same  temperatures  (cold  or  warm)  in  each  case. 

Measurements  of  the  resistance  to  compression  offered  by  the  arterial  wall  in 

different  conditions. 

The  obliteration  values  obtained  from  relaxed  arteries  were  in  all  cases 
small,  whether  such  large  vessels  as  the  carotids  of  the  ox  and  horse  were  used 
or  smaller  ones  {e.g.,  carotid  of  sheep,  metacarpal  of  horse)  more  closely 
comparable  with  the  arteries  used  for  clinical  estimations.  An  excess  of  a 
few  millimetres  of  external  pressure  over  the  internal  pressure  usually  sufficed 
to  close  the  vessel  so  as  to  obhterate  the  pulse.  In  many  cases,  in  the  smaller 
arteries  especially,  a  resistance  of  the  vascular  wall  in  this  condition  only 
amounted  to  1-2  mm.  Hg.. 

These  low  values  agree  with  those  obtained  by  some  former  observers, 
such  as  von  Basch  and  Martin,  who  had  evidently  worked  ^^•ith  relaxed  and 
presumably  dead  arteries. 

In  contracted  arteries  very  extensive  differences  were  found,  varying 
with  the  amount  of  muscular  contraction  present.  It  is  clear  that  the  very 
high  figures  sometimes  obtained  were  really  dependent  on  muscular 
contraction  and  not  on  resistance  to  compression  offered  by  the  other 
elements  of  the  vascular  wall.  For  as  soon  as  muscular  contraction  was 
removed  by  any  of  the  diverse  methods  employed  for  that  purpose,  the 
resistance  invariably  fell  to  ver}-  low  figures,  quite  unimportant  as  regards 
their  chnical  significance.  The  various  methods  used  to  induce  muscular 
relaxation  often  had  effects  on  the  arterial  wall  differing  much  in  detail,  but 
agreeing  in  the  fact  of  removing  muscular  contraction  and,  concurrently,  the 
great  bulk  of  resistance  to  compression. 

The  highest  values  for  arterial  resistance  were  naturally  found  in 
vessels  in  a  state  of  persistent  and  powerful  contraction  at  room  temperature. 

Carotid,  ox.  In  the  contracted  state  at  room  temperature  common 
values  were  20-60  mm.  Hg.,  but  occasionally  they  run  very  much  higher. 
In  some  instances  such  enormous  resistances  were  found  that  pressures  of 
150,  160  and  186  mm.  were  required  to  overcome  the  resistance  of  the  arterial 
wall  and  stop  the  flow  through  it  in  the  degree  corresponding  to  abolition 
of  the  pulse.  Similar  results  were  obtained  with  the  non-pulsatile  and  the 
pulsatile  stream.  The  great  resistance  was  due  almost  entirely  to  the 
muscular  contraction  and  not  to  a  permanent  stiffness  of  the  arterial  tube. 
This  is  illustrated  by  the  fact  that  the  artery  showing  a  resistance  of  150  mm. 
at  room  temperature  had  only  a  resistance  of  18  mm.  at  body  temperature, 
while  the  one  with  an  initial  resistance  of  186  mm.  at  room  temperature  gave 
such  low  values  as  16,  6  and  1  mm.  when  repeatedly  tested  at  38°  C. 

Tested  at  body  temperature,  the  highest  reading  obtained  from  a 
contracted  ox  carotid  was  64  mm.,  in  an  artery  which  remained  persistently 
contracted  while  warm  without  the  application  of  any  drug. 
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With  contraction  excited  by  barium  chloride,  the  highest  resistance 
noted  was  63  mm.. 

Carotid,  sheep.  The  resistances  observed  with  this  artery  may  be 
summarised  as  follows  : — 

Relaxed  at  body  temperature,  a  nominal  resistance,  e.g.,  1  mm.. 

Contracted  at  room  temperature,  all  sorts  of  figures  up  to  30  mm.  ; 
common  values,  10-20  mm.. 

Contracted  at  body  temperature  (barium  chloride,  &c.),  various  readings 
up  to  35  mm. 

Metacarfal  and  metatarsal  of  horse  sometimes  showed  an  enormous 
resistance,  values  over  100  mm.  in  some  cases,  e.g.,  108,  114,  116,  130  mm.. 

In  some  of  these  cases  the  arterial  wall,  especially  the  media,  was  greatly 
thickened  and  the  lumen  was  relatively  small,  but  this  was  not  invariably 
the  case.  An  extraordinarily  high  resistance  was  sometimes  got  in  a  very 
strongly  contracted  artery  which  when  relaxed  gave  practically  normal 
measurements  of  lumen  and  wall,  e.g.  lumen  about  3  mm.,  wall  about  1  mm. 
There  was  no  evidence  of  calcareous  change  in  any  of  these  vessels. 

In  the  fully  relaxed  state  under  the  influence  of  warmth,  &c.,  the  horse's 
arteries  examined  gave  slight  resistances,  often  only  a  few  mm.  Hg.,  there 
being  an  extraordinary  range  between  the  powerfully  contracted  vessel  at 
room  temperature  and  the  same  when  relaxed.  Thus  the  resistance  of  116 
mm.  shown  to  begin  with  by  a  metacarpal  at  room  temperature,  came  down 
to  3-5  mm.  when  relaxed  at  38°  C,  though  sometimes  the  remaining  resistance 
was  higher  than  this,  e.g.  18-26  mm.. 

At  body  temperature  under  the  influence  of  barium  chloride  various 
figures  were  obtained  up  to  60  mm. — nothing  at  all  approaching  the  resistances 
sometimes  seen  in  the  cold.  The  observations  were  complicated  in  a  good 
many  instances  by  the  tendency  of  these  vessels  to  close  up  altogether  under 
the  influence  of  stimulation,  so  that  little  or  no  external  pressure  was  needed 
at  certain  phases  to  stop  the  flow.  This  was  sometimes  seen  in  an  artery, 
which  a  short  time  before  (with  a  lumen  of  0-5  mm.  or  so)  showed  an  extremely 
high  resistance  to  compression. 

It  is  to  be  specially  noted  that  the  maximal  readings  stated  above  were 
all  much  above  the  general  level.  They  were  obtained  by  using  the  pulse- 
disappearance  index  at  first  compressions  ;  \\dth  the  pulse-reappearance 
index  lower,  and  with  second  compressions  much  lower,  figures  were  got. 
Some  illustrations  of  such  differences  are  given  later  in  dealing  with  the 
effects  of  repeated  compression. 

We  cite  the  results  obtained  at  room  temperature  to  show  the  very 
remarkable  resistance  to  compression  which  arteries  may  exhibit  in  certain 
conditions.  It  is  of  course  obvious  that  these  conditions  of  temperature 
are  widely  removed  from  those  present  under  clinical  conditions,  and  we 
naturally  do  not  wish  to  be  understood  as  assuming  the  existence  of  such 
degrees  of  contraction  and  their  concomitant  resistances  in  the  human  body. 
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There  is  another  factor  that  comes  into  play  in  affecting  obliteration 
readings — the  influence  of  extreme  constriction,  as  has  already  been  stated  in 
comparing  the  methods  in  which  a  pulsatile  and  a  non-pulsatile  flow  respectively 
are  used.  But  this  does  not  seem  to  be  such  as  to  have  any  practical  bearing 
on  brachial  estimations. 

Influence  of  soft  portions  in  the  course  of  an  otherwise  resistant  artery. 

Russell ^^  has  argued  against  the  idea  of  soft  parts  in  the  course  of  an 
artery  under  compression  negativing  the  resistance  of  the  more  rigid  tube  and 
has  advanced  the  view  that  the  compressing  bag  of  the  armlet  must  bridge 
over  these  soft  portions. 

We  have  tested  this  point  experimentally  by  embedding  a  contracted 
carotid  (ox)  in  a  portion  of  an  animal's  limb*  {e.g.,  hind  limb  of  ox)  in  such  a 
way  that  when  an  armlet  was  applied  in  the  usual  way,  the  carotid  Mas 
compressed  against  the  bone,  as  the  brachial  is  compressed  against  the 
humerus.  Fluid  was  perfused  through  the  artery  as  before,  the  arrangement 
just  described  taking  the  place  of  the  glass  compression  tube  shown  in 
Fig.  1.  A  very  limited  local  softening  of  the  contracted  and  resistant  arterial 
wall  was  produced  by  firmly  pinching  the  artery  across  at  one  place  between 
the  blades  of  an  artery  forceps  in  order  to  break  down  the  resistance  of  the 
arterial  wall.  The  strictly  localised  nature  of  the  softening  so  produced 
(3-5  mm.)  Mas  evident  when  the  vessel  was  subjected  to  internal  pressure, 
the  softened  part  yielding  more  and  shoeing  as  an  annular  dilatation. 

The  obliteration  pressure  was  then  tested  in  the  usual  way  by  (1)  the 
continuous,  and  (2)  the  pulsatile  stream,  and  the  influence  of  the  arterial 
wall  was  found  to  be  negligible  (a  few  mm.).  Next  the  softened  area  was 
protected  from  compression  by  a  short  piece  of  rigid  tubing  (of  sufficient 
length  to  cover  the  local  softening)  being  slipped  over  it.  The  obhteration 
pressure  was  then  found  to  have  gone  up  strikingly,  the  excess  of  external 
over  internal  pressure  {i.e.,  the  resistance  of  the  arterial  wall)  amounting  to 
over  40  mm. 

The  protecting  tube  was  then  removed  and  the  arterial  resistance  found 
to  be  negligible.  Repeated  observations  of  this  kind  gave  a  repetition  of 
similar  results,  the  actual  value  of  the  arterial  resistance,  as  shown  when  the 
softened  part  is  protected,  becoming  successively  lowered,  as  usual,  by  the 
repetition  of  the  compression.  These  very  definite  and  convincing  results 
make  it  plain  that  the  inflated  bag  of  the  armlet  acts  effectively  on  a  very 
hmited  soft  portion  of  an  artery  and  prevents  the  resistance  offered  by  the 
rest  of  the  tube  from  affecting  the  obliteration  readings  much. 

Instead  of  using  an  armlet  in  the  way  described,  we  have  also  tried 
contracted  arteries  in  the  compression  tube  in  the  usual  way  before  and  after 
a  very  limited  (3  mm.)  area  of  softening  had  been  artificially  produced.  The 
high  resistance  at  first  shown  was  suddenly  cut  down  to  a  vastly  greater 

*  Care  must  be  taken  that  no  weight  of  superincumbent  muscle^  presses  on  the  artery. 
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extent  than  usually  occurs  with  a  second  compression,  e.g.,  from  48  to  13  mm., 
tested  by  reappearance  of  pulse.  With  a  very  narrow  ring  of  softening  one 
would  hardly  expect  the  influence  of  the  arterial  wall  to  be  cpiite  nullified, 
at  least  in  a  very  large  artery,  even  though  the  resistance  at  the  narrow  ring 
were  completely  removed,  in  view  of  von  Eecklinghausen's*  observations 
on  the  influence  of  the  length  of  tube  to  which  the  obhterating  force  is 
apphed.  ObHteration  of  a  narrow  ring  of  tube  involves  something  of  a  pull 
upon  the  adjacent  resistant  parts. 

Relation  of  the  resistances  experimentally  found  to  the  degrees  of  contraction 
which  may  he  found  in  the  circidation. 

This  is  a  difficult  question  upon  which  much  light  is  needed  from  the 
clinical  side.  Experimentally  we  have  tried  to  get  some  sort  of  clue  on  the 
following  lines. 

It  is  clear  that  when  the  pressure  within  an  artery  does  not  distend  it  to 
or  beyond  the  size  of  the  passive  tube  (while  emptj^  or  at  zero  pressure)  the 
muscular  tone  of  the  vessel  must  be  sufficient  to  counterbalance  the  distending 
force  of  the  internal  pressure  ;  if  it  were  insufficient  the  arterial  wall  would 
yield  further,  if  it  were  stronger,  the  vessel  would  contract  more. 

We  have  got  arteries  in  such  a  state  of  contraction  as  to  balance  in  this 
way  internal  pressures  comparable  to  blood-pressures,  as  tested  in  a  pulsatile 
scheme.  The  artery  is  then  tested  for  the  resistance  of  wall  to  obliterating 
pressure. 

A  sheep's  carotid  was  found  to  be  in  a  state  of  contraction  that  kept  it 
of  a  diameter  just  below  its  diameter  (5  mm.  externally)  in  the  passive 
relaxed  condition,  when  exposed  for  some  time  to  an  internal  systoUc  pressure 
of  100  mm.,  diastolic  58  mm.  ;  tested  for  obhteration  in  the  usual  way  the 
resistance  of  its  wall  was  found  to  be  about  15  mm..  Another  carotid 
(sheep)  which  had  been  tested  with  somewhat  higher  internal  pressures  gave 
a  wall  resistance  of  17  mm..  In  other  words  such  resistances  as  these  were 
found  to  be  associated  with  a  degree  of  muscular  tone  just  sufficient  to  balance 
pressures  something  like  blood-pressure,  not  allowing  expansion  beyond  the  size 
of  the  passive  tube  and  not  strong  enough  to  cause  constriction  below  that  size. 

An  ox  carotid  which  was  sufficiently  contracted  to  resist  an  internal  pressure 
of  140  mm.  systohc  and  130  mm.  diastolic  ^^-ithout  being  distended  Ciuite  to 
the  size  of  the  passive  tube  gave  by  the  obhteration  test  a  resistance  of  57  mm. 

We  cite  the  numerical  values  obtained  in  these  comparative  experiments 
with  a  certain  amount  of  reserve  on  account  of  the  fact  that  they  were  done 
at  room  temperature,  it  being  less  difficult  to  get  a  relatively  constant  degree 
of  contraction  persisting  for  a  considerable  time  at  tliis  temperature  than  at 
bodv  temperature.  We  are  not  convinced  that  any  error  was  introduced  in 
this  way  ;  there  is  no  evidence  to  show  that  the  relation  between  resistance 
to  distension  by  internal  pressure  and  to  compression  by  external  pressure 
is  influenced  by  room  temperature  as  compared  with  body  temperature. 


*  Arch.  f.  exp.  Pathol,  u.  Pharmakol.  1901,  xlvi,  78. 
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In  any  case  it  may  be  safely  deduced  from  these  experiments  that  if  the 
readings  are  at  all  moderate,  no  grave  error  can  have  been  introduced  into 
them  as  indications  of  blood-pressure  by  the  action  of  the  arterial  Avail, 
provided  the  artery  is  not  definitely  constricted,  i.e.,  below  the  size  of  the 
passive  tube. 

Effects  of  repeated  compression. 

In  the  case  of  completely  relaxed  or  dead  arteries  showing  very  Kttle 
resistance  to  compression,  repetition  of  obhteration  naturally  makes  no 
appreciable  difference. 

But  in  arteries  showing  a  high  resistance  from  muscular  contraction 
repeated  compression  has  very  notable  effects  in  reducing  the  value  of  the 
arterial  wall,  A\dth  varying  rapidity  in  different  cases.  The  reduction  may 
go  on  more  or  less  steadily  till  the  arterial  resistance  has  been  cut  down  to 
practically  the  value  of  the  relaxed  wall,  or  it  may  stop  short  or  tail  off  far 
above  this  point,  after  effecting  a  marked  lowering.  ^Nluch  depends  on  the 
state  of  the  arterial  muscle,  as  well  as  on  the  number  of  compressions  and  the 
height  to  which  the  compressing  pressure  is  raised,  the  duration  of  each,  and 
the  intervals  between  them.  With  long  intervals  the  vascular  wall  may 
recover  to  a  considerable  extent  between  them,  and  the  total  effect  of  a  certain 
number  of  compressions  may  be  much  less  than  if  the  compressions  came  in 
quicker  succession.  Thus  an  artery  resistance  which  had  come  down  on 
repeated  compression  from  35  mm.  to  9,  rose  again  to  31  mm.  after  a  15  min, 
interval. 

So  constant  and  striking  is  the  effect  of  repeated  compression  that  it 
serves  as  an  effective  test  for  the  presence  or  absence  of  appreciable  resistance 
offered  by  the  arterial  wall.  It  is  very  noteworthy  that  a  higher  reading 
never  seems  to  be  obtained  ;  when  there  is  any  change  it  is  always  a  lowering. 

Metacarpal  of  horse.     3J  hours  p.m. 

Contracted  at  room  temperature.     Tested  by  continuous  stream. 

IxTEKXAL        External       Arterial 

\\Tien  contracted,  lumen  was  0-5  mm.  and 
wall  over  2  mm..  Later  after  relaxation 
kunen  w£is  3  mm.  and  wall  1  mm.. 


Observation,  pressxtre. 

PRESSURE. 

WALL. 

1                     104 

218 

114 

2 

160 

56 

3 

140 

36 

4 

140 

36 

5 

130 

26 

Another  pie^e  of  artery. 

1                      104 

200 

96 

2 

164 

60 

3 

162 

5S 

4 

160 

56 

Metacarpal  from  another  horse. 

Contracted  at  room  temperature.  Tested  by  pulsatile  stream.  Disappearance  and 
reappearance  of  pulse  determined  by  tactile  method.  The  values  of  the  arterial  wall  by  the  two 
methods  are  given. 

Internal  press.      Pclse               Arterial  Pulse  Arterial 

Observation.         systolic.             disapp.                  wall.  reapp.  wall. 

1  104          164           60  150  46 

2  „           158           54  148  44 

3  ..           154           50  138  34 

4  1-16           42  VM\  32 
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Instead  of  repeated  compressions  with  a  lowering  of  the  pressure 
between  each  one  may  use  a  continuance  of  the  obhterating  pressure  for 
some  time  {e.g.  2-3  min.  or  more).  This  has  effects  similar  to  a  series  of 
compressions.  Thus  in  an  ox  carotid  showing  a  wall  resistance  of  160  mm. 
both  b}^  pulsatile  schema  and  continuous  stream  (internal  pressure  40, 
obliterating  pressure  200  mm.)  after  compression  of  a  limited  area  of  the 
vessel  between  finger  and  thumb  for  3  min.  the  next  test  showed  that 
the  resistance  of  the  arterial  wall  had  fallen  to  100  mm..  The  vessel  in  the 
compression  tube  was  plainly  seen  to  become  flattened  at  the  spot  which  had 
been  previously  compressed,  while  there  was  no  flattening  elsewhere.  This 
fall  of  60  mm.  was  much  more  than  would  be  expected  to  follow  a  second  rise 
of  the  external  pressure  apart  from  the  influence  of  the  continued  local 
compression.  The  next  test  showed  a  fall  of  20  mm.  and  several  further 
tests  showed  no  further  fall.  We  have  applied  the  same  method  chnically, 
som^etimes  intermitting  the  pressure  rapidly  to  avoid  ischsemia  of  the  limb. 

Question  of  resistance  not  due  to  contraction. 

A  lowered  resistance  also  follows  the  use  of  repeated  or  continued 
compression  in  the  case  of  dead  arteries  which  owe  their  resistance  to  causes 
other  than  contraction  of  their  muscular  coat,  e.g.,  stiffening  due  to  the  action 
of  certain  chemical  agents  (formaHn,  &c.)  ;  change  of  the  tube  from  the 
circular  to  the  oval  or  flattened  form  renders  subsequent  compression  easier, 
provided  time  has  not  been  allowed  for  recovery  of  the  circular  form,  even 
apart  from  changes  in  the  physical  condition  of  the  tissues  caused  by  the 
preceding  distortion. 

But  we  have  not,  so  far,  in  the  course  of  our  work  met  with  arteries 
showing  any  marked  resistance  to  compression  (when  tested  in  the  ways 
described)  apart  from  the  presence  of  muscular  contraction.*  In  the  cases 
just  referred  to  we  had  purposely  induced  changes  in  the  physical  characters 
of  the  vascular  wall  that  have  had  no  parallel  in  any  of  the  arteries  (animal 
or  human)  that  have  come  to  our  hands.  Still  the  fact  that  repeated  or 
continued  compression  can  reduce  a  resistance  not  due  to  muscular  contraction 
is  important,  for  it  show^s  that  this  method  affords  no  means  of  discrimination 
between  resistance  due  to  muscular  contraction  and  at  least  some  forms  of 
resistance  due  to  other  causes,  if  such  are  ever  present  in  human  arteries 
under  the  conditions  of  blood-pressure  estimation. 

The  similarity  of  behaviour  between  a  living  contracted  artery  and  a 
dead  one  rendered  resistant  by  formalin  extends  to  the  partial  recovery  of 
resistance  after  an  interval. 

The  results  in  such  an  artery  are  shown  in  the  following  experiment. 
Carotid  (ox)  relaxed  and  dead,  treated  with  10%  formalin  for  half  an  hour. 

*  The  great  bulk  of  available  evidence  is  opiDosed  to  the  idea  of  thickened  arteries  offering 
any  important  resistance,  apart  from  the  presence  of  muscular  contraction  ;  this  is  in  agreement 
with  the  results  of  von  Basch,  Martin,  Janeway  and  Park  and  others  working  with  dead  sclerosed 
arteries.  The  only  positive  piece  of  evidence  in  the  contrary  sense  is  that  advanced  by 
Herringham  as  already  mentioned ;  his  results  were  obtained  from  dead  arteries. 
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Tested  with  continuous  stream,  increase  of  flow  to  the  pulse -reappearance 
index  (after  obhteration)  being  taken  as  the  gauge. 


Internal  pressure  120  mm. 
Akt.  wall. 


Internal  pressure  110  mm 
Abt.  wall. 


(1) 

200 

80 

(2) 

190 

70 

(3) 

170 

50 

(4) 

156 

36 

(5) 

132 

12 

(6) 

128 

8 

(7) 

124 

4 

(8) 

124 

4 

(9) 

142 

32 

(10) 

136 

26 

(11) 

128 

18 

(12) 

128 

18 

(13> 

122 

12 

(U) 

118 

8 

(15) 

118 

8 

(16) 

116 

6 

Interval  of  15  min. 


The  progressive  decline  in  the  resistance  on  repeated  compression  is  very 
evident,  also  the  partial  recovery  after  a  pause  of  15  min..  followed  again 
by  a  decline  on  further  recompression. 


Spasmodic  closure  of  arteries. 

The  surviving  metacarpal  or  metatarsal  artery  of  the  horse  sometimes 
contracted  so  strongly  and  extensively  that  the  lumen  became  entirely 
obhterated.  and  very  high  pressures  were  inadequate  to  force  fluid  through 
the  vessels,  pressures  as  high  as  440  mm.  Hg.  being  sometimes  tried  without 
effect. 

Thus  in  an  excised  metacarpal  (examined  23  hours  p.m.)  strong 
contraction  was  present  and  the  lumen  was  very  small  (0-5- 1-0  mm.) ;  when 
mechanically  stimulated  by  cutting,  the  tube  closed  entirely  so  that  absolutely 
no  flow  could  be  got  through  it  at  a  perfusion  pressure  of  300  mm. 

When  a  bristle  was  pushed  into  the  vessel,  against  considerable 
resistance,  for  a  distance  of  30  mm.  it  was  so  firmly  grasped  by  the  arterial 
muscle  that  a  weight  of  20  grammes  was  needed  to  pull  it  out  ;  this  was 
determined  by  connecting  the  bristle  to  one  arm  of  a  balance  and  gradually 
weighting  the  other  arm,  just  sufficiently  to  draw  out  the  bristle.  Keeping 
the  artery  at  38  "-40°  C.  for  15  minutes  or  more  quite  failed  to  induce  the 
usual  relaxation  or  to  lead  to  the  passage  of  any  fluid  at  a  pressure  of  250 
mm.  Hg.  in  the  supply  tube. 

Later,  when  relaxed,  this  artery  was  found  to  have  a  very  thick  wall  and 
a  small  lumen  ;  wall  l-7o-20  mm.,  lumen  2  mm.. 

In  the  case  of  another  horse  a  piece  of  metacarpal  artery  (3  hours  p.m.) 
relaxed  completely  when  perfused  at  body  temperature,  and  then  the 
resistance  of  the  arterial  wall  was  only  1-2  mm.  Hg,. 

Another  piece  of  the  same  artery  became  so  extremely  contracted  when 
cut,  &c.,  at  room  temperature  that  when  a  bristle  was  ^^-ith  difficulty  pushed 
into  the  lumen  for  30  mm.  it  was  gripped  so  firmly  that  a  weight  of  30 
grammes  was  required  to  draw  it  out. 
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A  third  piece  arranged  for  perfusion  and  testing  in  the  usual  way  closed 
its  lumen  so  firmly  that  it  was  impossible  to  obtain  any  flow  through 
the  vessel  even  when  the  pressure  of  the  perfusion  fluid  was  raised  to 
440  mm.  Hg.. 

External  pressure  (as  usually  employed  to  cause  obliteration)  was  then 
applied  up  to  160  mm.  Hg.  and  this  pressure  was  kept  on  for  some  minutes. 
It  A^as  then  found  possible  to  get  a  flow  through  the  artery  when  the  perfusion 
fluid  was  raised  to  380  mm.  Hg.  ;  later  at  105  mm.,  the  stream  being  again 
stopped  by  an  external  pressure  of  50  mm.. 

Some  time  later  the  perfusion  fluid  flowed  slowly  through  at  so  low 
an  internal  pressure  as  10  mm.,  there  being  no  external  pressure  applied  at 
that  time. 

It  is  of  course  well  known  that  in  such  conditions  as  Raynaud's  disease 
arteries  of  small  size  contract  to  such  an  extent  as  to  obstruct  the  blood- 
sujDply  seriously.  And  various  writers  account  for  the  occurrence  of  transitory 
aphasia,  paralysis  and  other  disturbances  of  nervous  function  by  the 
hypothesis  of  a  temporary  ischsemia  depending  on  spasmodic  contraction  of 
the  middle  cerebral  artery  or  some  of  its  branches.  These  however  are 
small  vessels  compared  to  the  horse's  metacarpal  and  metatarsal.  Such 
closure  as  we  have  described  is  no  doubt  associated  with  the  phenomena 
attributable  to  intermittent  claudication  that  have  been  observed  in  the 
horse  and  in  man.  We  have  seen  an  approach  to  a  similar  condition  in  a 
still  larger  artery,  the  carotid  of  the  ox,  but  only  in  very  abnormal 
circumstances,  when  perfused  with  water  as  already  referred  to.  In  a 
smaller  artery  from  the  hind  limb  of  a  presumably  healthy  ox  we  have  noted 
closure  on  cutting,  &c.,  at  room  temperature  ;  14  grammes  were  needed 
to  pull  out  a  bristle  which  had  been  passed  in  for  30  mm.. 

In  the  closure  of  the  horse's  arteries  above  described  this  evidently 
involved  a  very  unusual  and  extreme  degree  of  shortening  of  the  muscular 
fibres  of  the  tunica  media.  An  enormously  thickened  intima  might  of 
course  determine  closure  Avithout  such  extreme  contraction,  but  sections 
showed  that  such  an  explanation  was  not  vahd,  there  was  httle  or  no  intimal 
thickening. 

From  the  foregoing  evidence  it  is  clear  that  the  horse's  leg  arteries 
sometimes  show  extraordinarily  wide  variations  in  their  behaviour,  the  same 
artery  («)  when  relaxed  offering  a  merely  nominal  resistance  to  compression, 

(b)  when  strongly  contracted  with  thick  wall  and  small  lumen  (0-5-1  mm.) 
recpiiring  an  exceedingly  high  external  pressure  to  obliterate  its  channel,  and 

(c)  when  powerfully  contracted  in  such  a  way  as  to  close  the  lumen  resisting 
the  passage  of  fluid  through  it  even  when  supplied  at  enormous  pressures. 
So  far  as  our  experience  goes  the  arteries  in  which  complete  closure  has 
occurred  have  all  been  abnormally  thick-Avalled,  with  extensive  thickening 
of  the  media.  The  wall  thickness  sometimes  stood  to  the  lumen  as  1:1, 
1  :  1-33,  1  :  1-6,  &c.,  instead  of  the  ratio  of  1  •  2-5-3-0,  &c.,  seen  in  arteries 
in  more  approximately  normal  conditions  from  horses'  legs. 
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Conclusions    (Part  I). 

In  investigating  the  part  played  by  the  arterial  wall  in  relation  to  the 
estimation  of  systohc  blood-pressure  by  the  obhteration  method  it  is  essential 
to  use  surviving  arteries  in  different  conditions  of  contraction  and  relaxation, 
and  to  test  abnormal  and  thickened  arteries  as  well  as  normal  ones  ;  the 
question  cannot  be  settled  by  a  study  of  ordinary  dead-house  arteries  or  even 
of  normal  hving  arteries. 

Relaxed  arteries  whether  normal  or  thickened  have  in  the  instances 
examined  given  very  inconsiderable  resistances  to  compression,  usually 
not  more  than  a  few  mm.  Hg.. 

Contracted  arteries  show  resistances  varpng  with  the  amount  of 
contraction  present.  Arteries  powerfully  contracted  at  room  temperature 
may  give  high  values,  rising  sometimes  to  over  100  mm.  Hg.  in  the  metacarpal 
or  metatarsal  artery  of  the  horse  and  in  the  carotid  of  the  ox.  Arteries 
contracted  at  body  temperature  }ield  much  lower  figures,  a  maximum  reading 
of  35  mm.  for  the  carotid  of  the  sheep,  64  mm.  for  that  of  the  ox  and  60  mm. 
for  the  metacarpal  of  the  horse.  These  are  maximal  values  obtained  at  the 
first  compression  by  the  pulse  disappearance  index  ;  with  the  pulse 
reappearance  index  at  the  second  compression  the  values  are  much  lower. 
Arteries  offering  great  resistance  when  strongly  contracted  show  very  little 
when  fully  relaxed. 

When  contraction  causes  extreme  constriction  of  the  arterial  lumen 
below  a  certain  point  the  transmission  of  the  systolic  Avave  to  the  seat  of 
compression  may  be  diminished,  and  this  factor  may  lessen  the  effect  of  the 
increased  resistance  of  the  arterial  Avail  upon  the  obliteration  readings, 
in  arteries  capable  of  having  their  lumen  reduced  to  a  minute  size. 

Thickened  metacarpal  and  metatarsal  arteries  from  old  horses  often 
contract  so  much  as  to  close  their  lumen  completely  and  resist  any  passage 
of  fluid  through  them  even  at  pressures  up  to  440  mm.  Hg.. 

Repeated  compression  or  continued  local  compression,  while  not 
appreciably  affecting  the  readings  from  normal  arteries  under  ordinary 
conditions,  has  an  important  effect  in  reducing  the  resistance  of  a  contracted 
artery,  and  may  be  used  as  a  means  of  ascertaining  the  presence  or  absence 
of  abnormal  resistance  in  the  arterial  wall.  Massage  of  a  resistant  artery 
may  be  used  with  similar  effects. 
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Part  II. 

The  results  obtained  from  the  study  of  excised  living  arteries  examined 
under  definite  conditions  are  important  in  showing  what  influence  may  be 
exercised  by  the  arterial  wall  in  different  conditions.  There  remains  the 
correlation  of  these  conditions  with  what  may  be  present  in  the  individual 
cases  examined  clinically. 

The  lines  on  which  we. have  sought  to  attack  the  clinical  problem  are 
the  following  : — 

(1)  Comparison  of  the  characters  of  clinical  arteries  with  living  excised 
arteries  of  comparable  size,  in  different  conditions  as  regards  thickening, 
contraction,  &c. 

(2)  A  study  of  the  effects  of  repeated  or  continued  compression. 

(3)  Com.paiison  of  the  indications  obtained  from  the  two  arms,  arm 
and  forearm,  &c. 

Comfarison  of  clinical  arteries  with  excised  arteries. 

We  need  do  no  more  than  refer  to  the  notable  hardness  of  some  thickened 
arteries,  the  "  whipcord  "  or  "  pipe-stem  "  arteries,  &c.,  examined  clinicall3^ 

But  how  far  is  such  feeling  of  abnormal  resistance  due  to  muscular 
contraction  1  And  how  is  the  amount  of  contraction  and  the  concomitant 
resistance  to  compression  to  be  gauged  ?  We  know  that  palpable  arteries 
are  often  felt  to  be  constricted,  but  this  does  not  afford  any  measure  of  the 
relative  intensity  of  such  contraction  as  compared  with  the  excised  vessel  in 
which  the  resistance  has  been  experimentally  determined,  apart  from  the 
amount  of  guidance  derivable  from  some  considerations  already  advanced. 
If  the  arterial  muscle  is  sufficiently  active  to  keep  the  vessel  at  the  size  of  the 
empty  passive  artery  it  is  evident  that  the  muscle  is  just  counterbalancing 
the  internal  blood-pressure,  and  such  degree  of  contraction  can  be  correlated 
with  the  experimental  results  as  regards  resistance  to  compression.  If  the 
vessel  is  constricted  (beyond  the  size  of  the  joassive  empty  tube)  the  muscular 
tone  must  be  overbalancing  the  internal  pressure  and  must  have  a  higher 
value  in  resisting  compression  from  without.  With  a  high  internal  joressure 
an  active  condition  of  the  arterial  muscle  may  very  appreciably  exaggerate 
the  systolic  readings  without  causing  any  recognisable  constriction  of  the 
tube,  though  of  course  if  the  artery  is  actually  constricted  against  a  high 
internal  pressure  the  error  introduced  by  the  resistance  of  the  wall  \\\\\  attain 
larger  proportions,  rising  to  higher  numerical  values  the  higher  the  readings 
are.  When  the  readings  are  at  all  moderate  and  the  vessel  is  not  constricted 
we  may  conclude  that  the  muscular  tone  cannot  be  playing  any  great  part 
in  exaggerating  the  indication  of  actual  blood-pressure  as  expressed  by  the 
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obliteration  readings.  Of  course  it  is  only  pronounced  constriction  that  can 
be  recognised  clinically,  the  size  of  the  passive  tube  (undistended  by  pressure) 
under  various  pathological  conditions  being  unknown,  varying  much  in 
different  cases  where  the  vessel  may  have  become  permanently  dilated, 
e.g.,  from  long-standing  high-pressure,  deficient  tone,  &c. 

But  it  is  only  up  to  a  certain  point  that  constriction  of  an  artery  runs 
parallel  to  increased  resistance  in  its  wall.  When  a  certain  small  size  of 
lumen  is  developed  as  a  result  of  muscular  contraction  there  may  be  no 
further  change  in  the  lumen,  even  though  further  change  in  the  condition 
of  the  muscle  may  occur,  involving  a  further  increase  of  resistance  to 
compression.  In  arteries  like  the  brachial*  (normal  and  many  pathological) 
the  most  powerful  activity  of  the  muscular  coat  fails  to  reduce  the  lumen 
below  a  certain  small  size,  which  may  remain  constant  while  a  very  consider- 
able  further  increase  in  the  resistance  of  the  wall  may  occur.  Consequently 
the  amount  of  resistance  associated  with  very  marked  constriction  while 
always  considerable  is  by  no  means  constant. 

On  careful  palpation  an  emptied  artery  (with  the  blood  squeezed  out 
or  the  brachial  closed  higher  up)  may  feel  quite  soft  ;  in  that  case  it  is  plain 
that  the  wall  resistance  can  play  no  important  part  in  influencing  the 
readings.  If  the  arterj-  feels  hard  there  is  not  only  the  question  of  muscular 
contraction  versus  sclerosis,  calcification,  &c.,  but  the  further  question  as  to 
whether  the  resistant  character  of  the  tube  is  continuous  along  such  a  length 
as  is  compressed  by  a  12  cm.  armlet  or  is  varied  by  one  or  more  soft  parts 
in  its  course  ;  in  the  latter  case  the  resistance  of  the  greater  part  of  the  vessel 
would  not  influence  the  readings  much,  if  at  all,  as  the  soft  part  would  soon 
become  closed  as  the  compressing  pressure  mounts  above  the  systoHc  internal 
pressure. 

It  is  evident  from  the  preceding  statements  that  comparison  of  chnical 
arteries  a\  ith  excised  by  direct  examination  of  the  former  is  only  capable  of 
giving  rough  indications  of  a  general  nature,  rather  than  precise  results,  the 
indications  depending  on  (a)  the  presence  or  absence  of  a  feehng  of  resistance 
in  the  emptied  artery  and  (b)  the  presence  or  absence  of  constriction,  with 
the  distending  influence  of  the  blood-pressure  acting  on  the  vessel. 

It  is  important  to  bear  in  mind  that  the  condition  of  the  radial  artery 
is  far  from  being  a  safe  guide  to  that  of  the  brachial,  there  being  remarkable 
discrepancies  between  them  in  some  cases.  We  have  frequently  found 
thickening  and  increased  resistance  to  be  much  more  pronounced  in  the 
brachial. 

Continued  or  repeated  compressions. 

Our  experiments  with  excised  arteries  have  shown  that  in  vessels 
offering  considerable  resistance  to  compression  a  notable  lowering  of  the 
readings  is  induced  by  repeated  compression  or  by  keeping  on  the  pressure 

*  Exceptions  liave  been  found  in  some  leg  arteries  from  old  and  diseased  horses  and  in 
somewhat  smaller  arteries  from  the  legs  of  presumably  healthy  (young)  oxen. 
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(general  or  local)  for  a  few  minutes.  Manipulation  and  a  massage  of  a 
contracted  artery  (by  kneading  or  rolling  between  finger  and  thumb,  &c.) 
causes  striking  relaxation  ;  on  keeping  (in  blood)  for  one  or  more  hours 
contraction  returns  and  the  wall  tube  again  gains  firmness  and  resistance 
to  compression.  On  the  other  hand  repeated  compression  had  no  effect  on 
the  readings  obtained  from  arteries  showing  nothing  beyond  a  negligible 
resistance.  The  method  thus  'serves  as  a  means  of  detecting  the  presence 
of  appreciable  resistance  in  the  arterial  wall. 

We  were  able  to  discriminate  between  altered  conduction  in  the  relaxed 
tube  and  an  actual  diminution  in  resistance  to  compression  by  using  a 
continuous  stream  to  perfuse  the  vessel  in  a  very  large  number  of  experiments, 
having  carefully  correlated  by  other  experiments  the  indications  given  by 
continuous  and  pulsatile  streams  respectively.  With  the  continuous  stream 
altered  conduction  of  the  systolic  wave  was  not  in  Cjuestion  ;  the  lowered 
readings  could  only  have  been  due  to  diminished  resistance  of  the  arterial 
v,n\L  Such  diminution  is  so  constant  and  characteristic  as  to  constitute 
a  valuable  test  for  the  presence  or  absence  of  pronounced  resistance.  A 
comparison  of  the  points  of  disappearance  and  reappearance  of  the  pulse, 
when  a  pulsatile  stream  is  used,  is  also  of  assistance,  at  least  if  the  obliterating 
pressure  is  kept  on  for  some  little  time  before  the  reappearance  is  tested. 
With  a  pulsatile  stream  local  softening  (by  pressure)  cuts  down  the  obliteration 
reading  in  a  remarkable  way  though  conduction  can  hardly  be  altered 
thereby. 

In  view  of  the  efficacy  of  these  experimental  methods  of  gauging  the 
condition  of  the  arterial  wall  and  ascertaining  whether  it  is  offering  resistance 
which  would  have  to  be  deducted  from  the  readings  in  order  to  get  at  the 
actual  internal  pressure,  we  have  applied  similar  methods  to  human  arteries 
under  clinical  conditions  and  have  obtained  very  significant  results,  both  of 
negative  and  positive  character. 

It  is  easy  to  demonstrate  on  a  prominent  temporal  artery  in  a  state  of 
normal  tone  that  external  pressure  (with  the  finger,  &c.)  repeated  or  continued 
for  some  time  {e.g.,  2  min.,  &c.)  causes  decided  relaxation  limited  to  the 
compressed  portion  ;  the  fall  of  blood-pressure  beyond  the  compressed  area 
does  not  induce  any  recognisable  relaxation  there.  The  effect  is  a  direct 
one  produced  by  the  pressure  acting  on  the  arterial  wall. 

Conduction  of  the  systolic  wave  in  changed  conditions  of  the  arterial  tvall. 

We  cannot  in  this  paper  discuss  the  influence  of  arterial  relaxation  upon 
the  conductance  of  the  systolic  wave,  to  which  great  importance  has  been 
ascribed  by  some  investigators.  Suffice  it  to  say  that  Me  have  investigated 
this  point  very  fully,  and  in  the  light  of  our  results  find  no  ground  for  doubting 
that  such  influence  is  c_[uite  inconsiderable  or  practically  negligible  in 
connection  with  ordinary  blood-pressure  estimation  by  the  obhteration 
method.  We  shall  adduce  our  experimental  evidence  and  discuss  this 
subject  elsewhere. 
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MetJiods  of  repeated  and  continued  compression. 

An  armlet  was  placed  on  each  arm  and  both  were  connected  with  a 
ball-filler  or  an  Oliver's  screw-compressor  through  a  three-way  tap  by  means 
of  which  they  could  be  iniiated  simultaneously  or  in  C|uick  succession.  The 
armlets  were  previously  proved  to  give  identical  results  on  normal  persons 
and  when  used  on  patients  were  interchanged  from  time  to  time,  with  no 
disturbance  of  the  results  in  any  case.  After  a  synchronous  estimation  in 
the  two  arms,  repeated  compression  was  appUed  to  one  arm,  the  one  giving 
the  higher  reading  in  cases  of  initial  inecjuahty,  the  pressure  being  let  down 
to  zero  between  each  obliteration.  Another  synchronous  estimation  in  both 
arms  was  then  made  to  find  the  effects  of  repeated  compression  in  one  and  to 
detect  possible  changes  in  general  blood  pressure  by  the  reading  from  the 
other  arm: 

In  some  cases  (as  described  later),  where  the  vascular  adjustments  are 
ineffective  or  easily  deranged,  considerable  disturbances  of  blood-pressure 
may  be  recognised  during  observations  in  which  only  one  brachial  is  being 
closed.  In  cases  showing  any  marked  sensitiveness  of  this  sort  and  in  cases 
of  shght  hemiplegia,  &c.,  we  have  avoided  closing  both  bracliials  at  the  same 
time  ;  the  two  arms  were  tested  in  such  quick  succession  that  there  is  little 
or  no  room  for  objection  on  that  score. 

In  some  cases  groups  of  estimations  were  made  from  the  arms  alternately. 
In  other  cases  the  individual  estimations  were  made  alternately  ;  in  such 
series  the  readings  often,  though  they  may  differ  markedly  in  the  two  arms, 
may  show  a  regularity  in  succession  on  each  side,  A,\-ith  or  without  a  progressive 
change  in  level  that  Cjuite  excludes  the  idea  of  there  being  variations  in  general 
blood-pressure  between  the  moment  of  estimation  in  one  arm  and  the  next 
in  the  other  arm.  In  cases  where  the  vascular  balance  is  reachly  upset  the 
obliteration  test  on  one  artery  at  a  time  is  probably  a  more  correct  gauge  of 
the  pre-existing  pressure  than  could  be  got  by  simultaneous  constriction 
of  the  two  limbs. 

If  the  blood-pressure  is  hable  to  change  extensively  in  the  very  brief 
interval  between  an  estimation  on  one  arm  and  a  quickly  succeeding  one  on 
the  other  arm  (the  apparatus  being  ready  in  situ  vrith.  a  suitable  tap  for 
permitting  rapid  alternation  of  the  inflation  of  the  two  armlets)  it  would 
mean  a  variability  m  hich  would  make  estimations  of  blood-pressure  valueless, 
except  as  regards  the  indications  afforded  by  the  first  reading  \^-ith  its 
possibihties  of  serious  error. 

Sometimes  the  armlets  were  placed  on  the  forearms,  or  on  arm  and 
forearm  ;  in  the  latter  case  estimations  were  made  alternately  in  quick 
succession  in  the  way  already  described  for  the  two  arms. 

Instead  of  repeated  compression  by  successive  inflations  of  the  armlet 
we  have  often  employed  digital  compression  of  the  brachial  artery  (for  2  or 
3  min.,  &c.),  near  the  middle  of  the  region  to  be  enclosed  in  the  armlet  ; 
the  armlet  kept  ready  lower  down  the  hmb  is  then  sHpped  into  position  and 
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at  once  inflated  to  test  the  obliteration  point,  as  little  time  as  possible  being 
given  for  recovery  of  the  artery  from  the  digital  compression. 

Another  method  is  to  massage  the  artery,  either  with  the  vessel 
closed  by  digital  compression  higher  up  or  without  this. 

The  presence  of  unequal  systoles  introduces  a  complication  in  the 
examination  of  some  cases.  We  have  not  relied  on  observations  made  on 
cases  where  marked  inequality  was  present.  We  have  always  taken  as  the 
index  the  reappearance  (or  disappearance)  of  serial  beats,  not  merely  occasional 
ones.  In  very  irregular  pulses  like  that  of  auricular  fibrillation  no 
satisfactory  estimation  can  be  made. 

Effects  on  normal  arteries. 

Arteries  ivitJi  normal  tone.  Under  the  ordinary  conditions  of  normal 
health  repeated  compression  of  the  brachial  or  other  artery  used  for  blood- 
pressure  estimation  causes  no  appreciable  difference  in  the  readings  even 
with  as  many  as  twelve  or  twenty  re-compressions  in  succession.  The 
difterences  between  the  disappearance  and  reappearance  of  the  pulse  are 
trivial  when  the  tactile  method  is  used  and  perhaps  even  less  with  the 
auditory  method.  These  results  support  the  view  that  the  ordinary  tone 
of  the  normal  brachial  artery  presents  no  appreciable  resistance  to 
compression. 

The  same  conclusion  is  in  accordance  ^\itll  the  results  of  the  two 
experiments  of  Hill  and  Flack  already  mentioned  in  Part  I.  These 
experiments  we  have  repeated  with  confirmatory  results. 

On  the  other  hand  apparently  normal  {i.e.,  not  recognisably  thickened) 
arteries  when  hypertonically  contracted  give  results  similar  to  the  positive 
results  described  Avhen  dealing  with  contracted  and  thickened  arteries. 

It  is  true  that  the  application  of  heat  to  a  limb  (immersion  for  some  time 
in  hot  water)  may  be  followed  by  a  somewhat  lowered  reading,  which  has 
been  attributed  to  a  softening  of  the  arterial  wall,  affecting  the  blood-pressure 
reading  by  influencing  the  conduction  of  the  systolic  wave  according  to  Hill, 
not  by  a  changed  resistance  offered  by  the  arterial  wall. 

But  we  do  not  feel  warranted  in  interpreting  the  effects  of  heat  as  being 
solely  dependent  on  any  alteration  which  it  may  induce  in  the  arterial  wall, 
in  view  of  the  somewhat  complex  action  of  heat  in  causing  relaxation  of  the 
peripheral  vessels,  modification  of  the  pressure  gradient  in  the  limb,  &c. 

We  do  not  find  evidence  in  the  observed  effects  of  heating  a  limb  to  show 
that  any  aj^preciable  resistance  had  been  present  in  arterial  wall  prior  to  the 
application  of  heat. 

The  results  obtained  from  different  lines  of  investigation  concur  in 
showing  that  the  normal  brachial  artery  under  ordinary  conditions  offers 
only  a  negligible  resistance  to  compression. 

Arteries  hypertonically  contracted.  On  the  other  hand  apparently  normal 
{i.e.,  not  recognisably  thickened)  arteries  when  hypertonically  contracted 
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give  results  similar  in  their  nature  to  the  positive  results  described  with 
reference  to  contracted  and  thickened  arteries,  though  not  necessarily 
identical  as  regards  degree. 

Effects  on  thickened  and  contracted  arteries. 

Hill,^  with  Flack  and  Holtzmann  recorded  lowered  obliteration  readings 
in  some  cases  Avith  thickened  and  tortuous  arteries,  &c.,  on  repeated 
comjDression.  the  pressure  being  run  up  and  down  near  the  obliteration  point. 
They  attribute  the  effect  not  to  diminution  of  arterial  resistance  to 
compression,  the  existence  of  which  they  do  not  beheve  in,  but  to  relaxation 
of  the  vessel  affecting  the  conduction  (conductance)  of  the  systohc  wave,  the 
wave  being  damped  down  in  its  passage  along  the  relaxed  vessel. 

We  use  the  term  "  thickened  arteries  "  to  include  all  the  varieties  in 
which  this  feature  is  present,  whether  characterised  by  ''  atheromatous  " 
changes  or  by  great  thickening  of  the  intima  and  often  of  the  adventitia,  or 
by  increase  of  the  media,  the  hypermyotrophy  of  Savill. 

It  must  be  borne  in  mind  that  an  artery  may  be  relatively  inelastic 
towards  internal  pressure  and  may  at  the  same  time  offer  little  resistance 
to  compression  from  without. 

Negative  results.  Our  results  indicate  that  many  arteries  with  great 
thickening  and  defective  elasticity  show  a  quite  unimportant  resistance  to 
compression  with  the  armlet  ;  this  is  in  accordance  with  the  great  bulk  of  the 
evidence  available  from  exjieriments  on  thickened  arteries  after  excision, 
in  conditions  where  there  was  no  decided  muscular  contraction  present. 

In  cases  of  this  kind  repeated  compression  induces  in  the  readings 
no  important  reduction  attributable  to  alteration  in  the  compressed  arterial 
wall  and  not  to  an  actual  lowering  of  the  general  blood-pressure.  Similar 
readings  were  usually  got  from  the  two  arms  in  such  cases.  Negative 
results  of  this  kind  are  quite  what  might  be  expected  in  arteries  with  walls 
abnormally  thick  but  not  stiffened  in  the  sense  of  being  unusually  resistant 
to  compression,  and  in  arteries  with  resistance  unevenly  distributed  along  the 
tube,  interrupted  in  places  by  relatively  soft  and  compressible  portions. 
But  it  may  also  occur  where  the  thickening  seems  to  be  a  generalised  change 
extending  more  uniformly  along  the  tube.  Failure  to  reduce  excessively^  tiigh 
readings  may  be  seen  both  in  cases  with  soft  arteries  and  with  greatly 
thickened  and  c^uite  extraordinary  tortuous  ones. 

Positive  results.  In  many  cases  lowering  of  the  readings  in  one  arm 
from  continued  or  repeated  compression  of  that  arm  show  a  remarkable 
parallelism  to  what  is  seen  in  contracted  excised  arteries  presenting  marked 
resistance  to  compression.  In  the  latter  the  internal  pressure  is  known  and 
the  resistance  of  the  arterial  wall  is  evidenced  by  the  difference  between  the 
internal  and  the  external  (obliteration)  pressures.  In  chnical  observations 
it  is  of  course  essential  to  ascertain  from  the  other  arm,  whether  a  change  of 
actual  blood-pressure  has  occurred  during  the  progress  of  recompression  or 
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continued  comj^ression  of  the  first  arm.  Not  infrequently  such  may  be  the 
case  ;  a  later  reading  may  be  lower  not  from  changed  arterial  resistance 
but  from  a  reduction  in  general  blood-pressure  dependent  on  the  passing  off  of 
slight  excitement,  &c.,  which  may  be  present  at  the  first  reading,  or  on  other 
causes.  A  reading  from  the  other  arm  then  gives  the  same  lowered  level 
the  limb  first  tested  gave  on  repeated  compression. 

But  the  obliteration  readings  may  be  reduced  by  continued  or  repeated 
compression  apart  from  any  evidence  of  concurrent  lowering  of  the  actual 
blood-j)ressure,  a  reduction  comparable  to  the  effect  on  excised  contracted 
arteries  under  experimental  conditions  where  possible  changes  in  conductance 
were  excluded.  In  both  cases  the  lowering  effects  vary  mth  the  condition  of 
the  artery,  the  duration  and  intensity  of  the  compression,  the  number  of 
repetitions,  &c.  Again  in  regard  to  the  partial  or  complete  recovery  with  a 
rise  in  the  readings,  that  occurs  after  an  interval,  the  correspondence  in 
results  is  very  significant.  And  in  both  a  similar  variation  is  seen  in  the 
readiness  with  which  arteries  in  different  conditions  yield  to  repeated 
compression,  as  shown  by  the  lowering  of  their  resistance. 

The  conclusion  is  obvious  that  local  resistance  can  in  certain  cases  play 
an  important  part  in  influencing  and  exaggerating  blood-pressure  readings 
under  clinical  conditions.  We  have  advanced  experimental  evidence  that 
this  method  does  not  discriminate  between  local  resistance  due  to  (a) 
muscular  hj^Dcrtonus  or  (6)  to  stiffening  of  the  arterial  wall  due  to  other 
causes  of  such  a  sort  as  to  offer  much  resistance  to  compression,  if  such 
occurs  in  the  human  body.  So  far  as  the  available  evidence  goes  there  is  no 
sufficient  ground  to  warrant  us  in  attaching  much  importance  to  the  second 
factor  {h).  Contraction  of  a  normal  or  hypertrophied  media  is  the  basis  of 
the  high  resistance  which  we  have  found  experimentally  in  normal  or 
thickened  arteries  ;  when  relaxation  is  induced  (by  warmth,  &c.)  even 
enormous  resistances  fall  to  small  or  even  negligible  amounts. 

Unequal  readings  from  the  two  arms,  etc. 

Very  notable  differences  are  sometimes  found  between  the  two  arms, 
between  arm  and  forearm,  and  between  arm  and  leg.  These  differences  are 
not  necessarily  constant  ;  they  may  be  found  to  alter  markedly  when 
examined  at  intervals  of  some  days,  or  during  the  process  of  examination  by 
repeated  compression.  The  latter  method  commonly  reduces  the  difference 
very  markedly,  if  it  does  not  remove  it.  In  some  instances  the  difference 
found  in  the  two  arms  at  the  first  reading  on  each  occasion  has  been  found 
to  remain  practically  constant  over  long  periods,  many  months,  &c. 

In  many  cases  the  differences  are  such  as  might,  in  the  light  of  the 
results  obtained  AWth  excised  arteries  be  explained  by  the  presence  of  a  very 
unequal  degree  of  contraction  in  the  arteries  examined.  Of  course  the 
unequal  readings  are  only  a  measure  of  the  differences  between  the  arteries 
on  the  two  sides,  not  a  measure  of  the  total  resistance  on  either  side. 
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We  do  not  discuss  the  question  of  differences  in  arm  and  leg  pressures 
in  this  paper.  Arm-leg  differences  of  very  large  amounts  have  been  described 
by  Hill,  Flack  and  Holtzmann  after  severe  muscular  exertion  and  in  aortic 
regurgitation,  and  by  Williamson  in  other  conditions. 

But  we  have  sometimes  met  ^^•ith  such  extensive  variations  {e.g.,  50-90 
mm.)  apparently  due  to  local  conditions  on  the  two  sides  which  can  hardly 
be  accounted  for  in  the  way  indicated,  luiless  Ave  assume  the  occasional 
occurrence  in  morbid  conditions  of  such  enormous  resistances  as  are  sometimes 
seen  (at  room  temperature,  &c.)  in  excised  arteries  of  old  horses  commonly 
showing  very  thick  muscular  coats  or  in  such  large  and  strong-walled  vessels 
as  the  carotid  of  the  ox.  We  have  found  (though  rarely)  arm  differences 
so  great  as  to  be  comparable  to  the  arm-leg  differences  in  obhteration  values 
that  have  been  described  in  aortic  regurgitation. 

It  is  of  course  important  to  bear  in  mind  the  hypermyotrophy  described 
in  human  arteries  by  SavilL^^  Russell, ^^  Dickenson  and  Rolleston^  and 
others. 

Large    variations    in    blood- pressure    during    repeated    or    continued 

compression. 

In  employing  rej^eated  compression  we  have  quickly  let  the  pressure 
down  to  zero  between  each  obliteration.  We  have  used  this  plan  rather 
than  that  (followed  by  Hill  and  Flack)  of  running  the  pressure  up  and  down 
near  the  obliteration  point,  which  does  not  differ  as  far  as  venous  obstruction, 
sense  of  constriction,  «&:c.,  are  concerned  from  keeping  on  the  pressure 
continuously.  The  last-named  procedure  causes,  as  has  been  noted  by 
several  observers,  a  certain  rise  of  pressure  {e.g.,  10-15  mm.,  &c.)  in  the 
normal  person  in  a  couple  of  minutes  or  so,  and  in  some  conditions  of  the 
circulation  has  in  our  experience  had  more  extensively  disturbing  effects. 

In  rare  instances  repeated  compression,  as  we  have  used  it,  has  been 
accompanied  by  a  large  increase  in  the  readings  and  apparently  in  the 
actual  blood-pressure  AA-ithin  a  few  minutes. 

Even  digital  compression  of  the  brachial  artery,  without  constriction 
of  the  Hmb,  has  sometimes  been  attended  by  a  very  marked  rise  of  pressure, 
as  evidenced  by  the  estimation  of  systohc  or  diastohc  pressure  in  the  other 
limb  or  even  by  the  finger  on  the  radial  arter\\  This  rise  of  pressure  may 
outlast  the  period  of  compression  for  some  time. 

This  is  in  marked  contrast  to  what  happens  under  similar  circumstances 
in  the  normal  individual,  in  whom  we  have  found  no  change  of  reading  from 
one  arm  as  a  result  of  closure  of  the  other  brachial.  Xo  doubt  the  difference 
depends  on  the  presence,  in  the  cases  referred  to,  of  a  defective  functioning 
of  the  normal  mechanism  which  compensates  for  the  alteration  in  peripheral 
resistance  involved  in  the  closure  of  an  artery  Uke  the  brachial.  Important 
information  as  to  the  balanced  working  of  the  vascular  adjustments  may  be 
gained  by  such  observations  in  different  conditions. 
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In  regard  to  this  rise  of  pressure,  it  is  to  be  noted  that  here  we  are 
deaUng  with  a  change  of  which  there  is  no  parallel  in  the  results  obtained 
with  excised  surviving  arteries  ;  in  the  latter  the  change,  if  any,  is  always 
a  lowering  of  the  obliteration  readings,  never  a  rise.  When  heightened 
readings  are  got  in  man  the  alteration  depends,  as  far  as  we  have  seen,  on  a 
rise  of  general  blood-pressure,  which  can  be  recognised  by  examining  other 
limbs,  &c.  This  rise  is  as  a  rule  mainly,  if  not  wholly,  dependent  on  changed 
peripheral  resistance  ;  the  rate  of  the  heart  beat  may  remain  unchanged  or 
it  may  be  somewhat  slowed.  The  diastolic  readings  are  raised  as  well  as 
the  systolic. 

It  is  evident  that  in  some  such  cases  the  obliteration  readings  may  be 
strikingly  different  in  the  same  patient  at  the  same  time  according  to  the 
limb  or  segment  of  limb  examined,  and  the  takings  of  first  readings  or  later 
ones  after  several  recompressions  :  in  the  last  instance  the  change  may  be 
either  to  a  higher  or  a  lower  level  according  as  to  whether  changes  in  general 
blood-pressure  or  effects  on  the  arterial  wall  predominate,  the  latter  being 
in  our  experience  by  far  the  more  common. 

In  attempting  to  apply  the  ingenious  method,  used  b}'  Hill  and  Flack, 
of  comparing  the  height  to  which  the  venous  pressure  in  the  forearm  can  rise 
when  the  compression  applied  to  the  arm  is  a  little  below  arterial  systolic 
pressure,  we  have  experienced  much  difficulty,  and  have  not  obtained  any 
definite  results  in  pathological  cases  where  the  blood-pressure  is  liable  to 
vary  much  on  account  of  the  discomfort  caussd  by  the  continued  constriction 
of  the  arm  and  the  disturbance  of  the  general  blood-pressure  induced,  the 
arterial  pressure  rising  while  the  venous  pressure  is  being  estimated,  &c.. 

The  sensitiveness  of  sclerosed  vessels,  or  rather  of  the  vascular  system, 
as  shown  by  the  occurrence  of  more  or  less  extensive  (slow)  changes  in  blood- 
pressure  from  relatively  small  causes  has  been  commented  on  by  many 
observers. 

When  we  first  noticed  a  difference  of  as  much  as  60  mm.  at  the  first 
reading  within  forty-eight  hours  in  a  patient  (old)  whose  general  condition 
showed  no  apparent  alteration,  we  were  disposed  to  suspect  some  fallacy, 
but  soon  we  had  opportunities  of  witnessing  equally  large  variations  \\'ithin 
the  period  of  examination  by  a  series  of  repeated  compressions,  &c. 

It  is  true  that  the  foregoing  results  have  been  obtained  from  old  patients 
with  far-reaching  defects  of  the  balanced  mechanisms  of  the  vascular 
mechanism  on  which  its  normal  smooth  working  depends.  But  is  there  any 
warrant  for  assuming  that  similar  derangements  may  not  be  present  at  much 
earlier  ages  under  the  varied  conditions  of  disease  ? 

Classification  of  the  effects  of  continued  or  repeated  compression. 

The  effects  of  continued  or  repeated  compression  applied  clinically  fall 
into  the  following  categories  : — 

(1)  In  the  generality  of  cases,  when  no  abnormality  of  the  vascular 
mechanism  is  present  the  result  is  practically  nil,  excepting  that  in  some 
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persons  there  may  be  a  decided  reduction  of  the  obhteration  reading  not 
dependent  on  an  alteration  in  the  resistance  of  the  arterial  wall  but  due  to 
the  passing  off  of  slight  alarm,  excitement,  &c.,  Avhich  may  be  present  at  the 
first  reading.  That  such  is  the  cause  of  the  reduction  is  indicated  by  a 
reading  from  the  other  limb,  in  which  the  first  reading  gives  the  same  lowered 
level  as  is  found  in  the  first  limb  after  repeated  compression. 

(2)  Similar  negative  results  are  obtained  in  many  cases  of  arterial 
disease  where  the  thickening  is  of  an  uneven  or  patchy  character  or  associated 
with  atrophic  changes  in  the  media  and  hypertrophy  of  the  intima,  atheroma, 
&c.,  or  where  the  hypertonus  is  unevenly  distributed,  as  is  often  seen  in 
excised  arteries.  When  high  readings  are  obtained,  not  appreciably  lowered 
by  repeated  compression,  the  diastolic  readings  are  also  frecpiently  high, 
though  by  no  means  always,  in  the  absence  of  abnormally  slow  heart-beat, 
aortic  regurgitation,  &c. 

Excessively  high  readings  not  reduced  by  the  method  in  question  are 
found  both  Mith  soft  arteries  not  recognisably  thickened  and  also  with 
thickened  and  extremely  tortuous  ones  that  feel  resistant  to  the  finger.* 

(3)  In  many  cases  where  an  abnormal  resistance  is  jDresented  by  the 
arterial  m  all  from  muscular  contraction,  with  or  without  thickening  of  the 
media,  repeated  compression  produces  a  marked  lowering  of  the  readings, 
essentially  due  to  a  diminution  of  the  resistance,  though  it  may  at  times  be 
associated  with  some  lowering  of  the  general  blood-pressure,  as  indicated  by 
examination  of  the  other  arm,  &c.  Such  reduction  is  a  valuable  indication  of 
the  presence  of  abnormal  resistance  in  the  arterial  wall,  a  factor  which  makes 
the  initial  reading  yield  an  exaggerated  estimate  of  the  actual  blood-pressure 
within  the  vessel.  A  very  high  initial  reading  falling  on  repeated  compression 
to  a  moderate  level  is  commonly  associated  with  a  moderate  diastolic 
pressure,  excessively  small  in  proportion  to  the  initial  (exaggerated)  sj^stohc 
reading. 

The  reduction  may  be  very  unequally  manifested  in  different  limbs  or 
segments  of  limbs. 

(4)  In  some  cases  with  abnormal  instability  of  the  vascular  mechanism 
a  more  or  less  extensive  rise  in  the  readings  occurs,  depending,  mainly  at 
least,  on  a  rise  in  the  actual  blood-pressure. 

Such  rise  in  general  blood-pressure  may  more  or  less  completely  conceal 
or  may  c^uite  overbear  the  effect  of  any  reducing  influence  exercised  upon  the 
resistance  of  the  wall  of  the  compressed  artery. 

*  Marked  tortuosity  means  that  the  arterial  tone,  whieh  resists  elongation  as  well  as  transverse 
expansion,  has  been  deficient  either  absolutely  or  relatively  to  the  internal  pressure.  An  artery 
with  deficient  tone  may  elongate  and  become  toituous  with  normal  internal  pressiire,  while 
another  even  with  increased  tone  may  after  a  time  j-ield  to  excessive  internal  pressure.  Some 
extremely  tortuous  arteries  are  very  possibly  beyond  the  phase  of  resistance  to  compression, 
if  they  have  ever  passed  through  such  a  phase. 
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First  and  subsegtient  readings. 

As  regards  first  readings  of  the  blood-pressure  by  the  obhteration  method 
the  following  conclusions  have  been  arrived  at. 

In  cases  with  normal  arteries  or  pathological  arteries  presenting  no 
appreciable  or  important  resistance  to  compression,  the  first  reading,  whether 
disappearance  or  (preferably)  reappearance  of  the  pulse  is  taken  as  the  index, 
is  approximately  correct  as  an  indication  of  the  actual  systolic  pressure. 
The  actual  pressure  may,  however,  be  influenced  by  excitement,  &c.,  at 
the  first  reading. 

When  there  is  marked  resistance  in  the  arterial  wall  a  first  reading  may 
give  very  seriously  erroneous  values  both  in  regard  to  disappearance  and 
reappearance  of  the  pulse,  the  error  with  the  latter  index  being  decidedly  less 
than  with  the  former.  Repeated  compression  greatly  reduces  or  rectifies 
this  error  in  many  cases.  The  number  of  re-compressions  necessary  to  do 
this  varies  greatly. 

But  in  some  instances  the  process  of  repeated  compression  introduces  a 
fresh  complication  by  exciting  a  rise  of  general  blood-pressure.  Thus  the 
means  taken  to  correct  the  first  source  of  error  introduces  a  second  factor 
which  disturbs  the  estimation  in  the  opposite  direction  from  the  first. 

While  it  may  be  possible  by  repeated  compression  to  minimise  or 
practically  eliminate  the  resistance  of  the  arterial  wall  so  as  to  render 
practicable  a  determination  of  the  actual  pressure  then  obtaining  within  the 
artery,  this  latter  pressure  is  at  the  new  level  to  which  it  has  been  raised 
during  the  repetition  of  the  compression  in  the  special  cases  referred  to. 

In  such  cases  it  would  seem  to  be  impracticable  to  arrive,  by  the  ordinary 
obliteration  method,  at  an  accurate  estimate  of  the  actual  blood-pressure 
as  it  was  before  the  process  of  estimation  was  commenced. 

Some  illustrative  cases  of  different  types. 
CASE    1. 

M.  T.,  aet.  74.     Brachials   tortuoiis   and  resistant ;     much   more   so   than  radials.     Pulse 
rate  90  ;  second  aortic  sotind  greatly  accentuated.     Synchronous  estimations  in  the  two  arms. 

D. — disappearance,  and  R. — reappearance  of  pulse. 

Right.  Left. 

R.  ..  ..  240  240 

Left  brachial  closed  by  digital  compression  at  middle  of  arm  for  three  mmutes.     Arms 
tested  again. 

Right.  Left. 

D.         ..  ..  244  244 

R.         ..  ..  240  238 

In  this  case  the  disappearance  and  the  reappearance  were  simultaneous 
in  the  two  arms,  and  this  remained  unaffected  by  the  digital  closure  of  one 
brachial  ;  the  equality  in  the  two  arms  persisted.  The  actual  pressure  was 
evidently  an  excessively  high  one,  there  being  no  evidence  that  the  arterial 
wall  influenced  the  readings  appreciably. 

To  the  finger  the  pulse  felt  a  very  incompressible  one. 
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CASE  2. 

M.  Y.,  aet.  68.     Pulse  76.    Arteries  thick  and  resistant  after  brachials  closed  high  up,  especially 
on  left  side.     Sjiichronous  estimations  in  arms. 

Lett.  Right. 

R 220  190 

Left  brachigd  closed  for  three  minutes. 
D.                          . .  204  204 

R 196  196 

Here  the  diiference  of  30  mm.  between  the  two  arms  gave  place  to 
equality  after  continued  compression  of  the  artery  on  the  side  giving  the 
higher  reading. 

CASE  3. 

M.D.,  aet.   74.     Pulse  126.     Synchronous  examination  of  arms. 

Left.  Right. 

R.  .  .  .  .  205  240 

Right  brachial  closed  for  three  minutes. 
R.  .  .  .  .  225  225 

Here  an  arm  difference  of  35  mm.  was  changed  to  equaUty,  with 
apparently  something  of  a  rise  (about  20  mm.)  of  actual  pressure,  as  a  result 
of  continued  compression  of  the  artery  giving  the  higher  reading  at  the  first 
estimation. 

CASE  4. 

J.S.,  CKt.  68.     Arteries  thickened. 

Repeated  compression  was  employed  with  lowering  effects  on  the  readings  strikingly  similar 
to  those  seen  on  similar  compression  of  an  excised  artery  in  tonic  contraction. 


Obs. 
1. 

2. 

3. 

4. 

5. 

6. 

The  right  arm  was  then  tested  immediately. 

Obs. 
1. 

2. 

3. 

4. 

5. 

6. 

7. 


Left  Akm. 
D.  184 


R. 
D. 
R. 
D. 
R. 
D. 
R. 
D. 
R. 
D. 
R. 


178 
179 
170 
174 
165 
170 
162 
164 
159 
164 
160 


Right  Arm. 
D.  187 


R. 
D. 
R. 
D. 
R. 
D. 
R. 
D. 
R. 
D. 
R. 
D. 
R 


178 
182 
174 
170 
166 
164 
160 
161 
158 
160 
157 
162 
158 


It  is  clear  that  in  this  case  the  actual  blood-pressure  was  not  above  158, 
though  the  first  readings  were  20  mm.  higher.     That  the  gradual  reduction 


!FT  . 

Arm. 

D. 

R. 

UO 

135 

150 

UO 

140 

135 

140 

135 
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in  the  values  obtained  from  the  first  arm  were  not  due  to  a  gradual  lowering 
of  the  actual  blood-pressure  is  evidenced  by  the  fact  that  the  second  arm, 
tested  at  once,  gave  to  begin  with  as  high  a  reading  as  the  first  arm  had  done  ; 
then  came  a  similar  gradual  decline. 

CASE  5. 

A.C..  aef.  SI.     Pulse  rate  56.  (December  the  18th,  1'J12.)     Readings  taken  alternately  from 
the  two  arm.s  (see  numbering). 

Right  arm. 

D.  R. 

(2)             220  210                          (1) 

(4)             225  —                         (3) 

(6)             200  190                          (5) 

(8)  200  195  ■                        (7) 

(9)  200  195 

R.  Brachial  artery  compressed  for  three  minutes. 

(10)  180  175 

(11)  180  — 

Fall  of  40  mm.  in  R.  arm  (after  trivial  preUminary  rise)  follows  repeated 
compression. 

In  L.  arm,  shght  prehminary  rise,  then  no  change  ;  compression  not 
repeated  very  often. 

The  inference  from  these  observations  is  that  the  actual  blood-pressure 
is  not  over  135  mm. 

The  same  case  on  January  the  13th,  1913.  Pulse  rate  54. 

Right  Arm.  Left  Arm. 

D.  R.  D.  R. 

(2)  230  220  (1)  135  130 

Armlets  put  on  forearms.     (Each  armlet  kept  on  same  side  as  m  preceding  observation.) 
Right  Forearm.  Left  Forearm. 

D.  R.  D.  R. 

(4)  260  255  (3)  200  195 

Armlets  on  upper  arms.     Armlet  from  right  arm  (which  had  given  high  pressm-e)  now  put 
on  left  upper  arm  and  vice  versa. 

Right  Arm.  Left  Arm. 

D.  R.  D.  R. 

(6)  280  270  (5)  185  ISO 

Armlets  on  forearms. 

Right  Forearm.  Left  Forearm. 

D.       R.  D.      R- 

(7)  210      200  (8)      17U      1(55 
215      210  175       — 

155      150 

These  observations  show  several  noteworthy  features. 

(1)  The  extraordinary  initial  difference  between  the  two  arms,  05  mm. 
when  tested  by  the  disappearance  and  90  mm.  by  the  reappearance  of  the 
pulse. 

(2)  The  remarkable  rise  of  pressure  (50  mm.)  which  occurred  while  the 
estimations  were  being  made.  That  such  was  a  true  rise  of  pressure  is  shown 
by  the  exact  parallelism  in  the  alteration  of  the  readings  shown  in  observations 
(5)  and  (6),  the  differences  between  the  two  arms  being  still  95  (D)  and  90  (R) 
at  the  new  (elevated)  level. 
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(3)     Tlie  difference  between  the  forearms  (40-60  mm.)  is  not  the  same 
as  the  arm  difference. 


The  same  case  on  January-  the  14th,  101.3. 

Armlets  on  left  upper  arm  and  forearm. 

(1)  Left  forearm 

(2)  Left  upper  arm 

(3)  Left  upper  arm 

(4)  Left  forearm 


Armlet  shifted  from  left  forearm  to  right  upper  arm. 


(5) 
(6) 
Armlet  on  right  thigh. 


Right  arm 
Left  arm 
Popliteal  felt. 


162 

D. 

1.5S 

R. 

\-A 

D. 

1.52 

R. 

152 

D. 

1.50 

R. 

164 

D. 

1.58 

R. 

2.50 

D. 

246 

R. 

1.56 

D 

1.54 

R. 

190 

D. 

18.5 

R. 

190 

D. 

18.5 

R. 

(On  January  the  -Slst,  1913,  the  systolic  reading  from  the  right  arm  was  248  mm..) 

The  extraordinary  difference  between  the  two  arms  in  this  case  suggested 
the  question  of  there  being  some  structural  pecuHarity  in  the  vascular 
chaimel  of  the  left  hmb,  e.g.,  partial  obstruction,  &c.,  which  might  cut  down 
the  systolic  wave  in  that  limb.  The  fact  of  the  radial  pulse  being  quite  as 
good  on  the  left  side  did  not  support  such  a  hypothesis,  but  it  was  not 
conclusive,  for  the  right  radial  artery  might  be  the  seat  of  structural  change 
which  prevented  it  giving  a  fair  representation  of  the  systolic  wave  in  the 
right  brachial.  Still  the  fact  of  there  being  a  good  systoUc  wave  in  the  left 
radial  was  significant.  Still  more  significant  is  the  obtaining  of  a  somewhat 
higher  reading  from  the  left  forearm  than  the  left  arm.  It  need  hardly  be 
said  that  the  blood-pressure  is  not  likely  to  be  higher  in  the  forearm  than  in 
the  arm  ;  the  excess  shown  by  the  reading  represents  an  exaggeration  due  to 
local  conditions,  the  state  of  the  arterial  wall,  &c.  This  of  course  strongly 
favours  the  view  that  the  exceedingly  high  reading  in  the  right  arm  is 
similarly  an  exaggeration.  Further  support  is  lent  to  this  view  by  the 
fact  that  the  diastolic  pressure  estimated  in  the  right  arm  is  quite  an 
ordinary  one  (80  mm.),  such  as  might  be  expected  from  the  systolic  reading 
in  the  left  arm  (135  mm.).  The  absence  of  any  accentuation  of  the  second 
aortic  sound  mihtates  strongly  against  the  idea  of  the  actual  pressure  in  the 
aorta  being  anj-thing  like  so  high  as  the  right  arm  readings.  Neither  radial 
pulse  is  at  all  difficult  of  compression,  the  right  somewhat  less  so  than  the 
left,  a  striking  difference  from  the  arm  readings.  That  the  very  high  reading 
in  the  right  arm  is  an  exaggerated  one  is  indicated  by  the  very  marked 
lowering  (40  mm.)  which  followed  repeated  compression  while  the  pressure 
reading  (probably  true  blood-pressure)  in  the  left  arm  remained  unaltered. 
Of  course  there  still  remains  a  large  excess,  after  the  reduction  of  40  mm., 
in  the  right  arm  to  be  accounted  for,  the  total  excess  being  such  as  we  have 
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only  seen  in  excised  arteries  in  conditions  of  enormous  contraction  at  room 
temperature,  &e.,  conditions  very  remote  from  those  obtaining  in  the 
human  body.  To  what  extent  the  right  arm  difference  might  yield  to  further 
compression,  &c.,  we  are  not  prepared  to  say.  The  reduction  induced  by 
compression  is  very  completely  recovered  from  ;  the  next  day  the  patient 
was  examined  and  the  readings  were  found  to  be  at  the  initial  level.  Indeed 
in  this  case  the  readings  have  shown  notable  constancy  on  the  various 
occasions  when  they  were  taken,  extending  over  the  greater  part  of  a  year. 

There  was  no  evidence  of  error  being  introduced  into  the  readings  by 
contraction  of  the  arm  muscles.  In  addition  to  direct  examination  to 
detect  this  source  of  fallacy,  the  remarkable  constancy  of  the  first  readings 
is  against  the  idea  of  so  variable  a  disturbance  as  would  be  likely  to  result  from 
skeletal  muscular  contraction.  No  sign  of  such  contraction  was  observable 
during  the  use  of  an  Erlanger  apparatus,  with  which  indications  of  muscular 
contraction  occurring  during  the  observations  are  readily  discernible. 

In  this  case  it  would  clearly  be  impossible  to  account  for  the  difference 
betMeen  the  arms  on  the  assumption  that  a  rigid  artery  on  the  right  side 
transmitted  the  systolic  wave  from  the  aorta  almost  unimpaired  in  height, 
while  a  soft  artery  on  the  left  side  damped  it  down  very  greatly.  Such  an 
assumption  would  im^^ly  that  the  aortic  pressure  was  truly  indicated  by  the 
right  arm  reading  while  there  was  an  enormous  loss  on  the  left  side,  between 
the  aorta  and  the  brachial.  There  is  evidence,  derived  from  various  sources, 
to  show  that  such  a  loss  is  out  of  the  question.  Further,  if  an  immense  loss 
occurred  between  aorta  and  brachial  there  ought  to  be  much  further  loss 
between  arm  and  forearm,  unless  the  conditions  in  that  part  of  the  limb 
were  entirely  different.  But  instead  of  being  much  lower  the  forearm  reading 
was  actually  higher  than  the  arm  reading,  a  fact  inexplicable  on  the  conduction 
hypothesis.  Again,  the  marked  lowering  (40  mm.  on  one  occasion  ;  60  mm. 
on  another,  &c.)  induced  by  digital  compression  in  the  right  arm  (without 
change  in  the  left)  could  not  be  explained  by  altered  conductance  depending 
on  relaxation  of  the  vessel,  for  the  compression  was  confined  to  one  spot, 
pressed  on  by  the  tips  of  two  fingers  with  rapid  intermissions — a  local  massage. 

CASE  6. 

M.G.,  aet.  77.     Alternate  series  of  estimations  made  on  the  two  arms. 

The  order  in  which  the  limbs  were  examined  is  indicated  by  the  letters  A,  B,  &c.,  the  serial 
observations  on  each  limb  by  the  nmnerials. 

B. 


Left  Aem 

(1) 

200 

(2) 

200 

(3) 

170 

(4) 

160 

(5) 

165 

(6) 

155 

(7) 

152 

c. 


Right  Akm. 

D.     Ri 

GHT  Arm. 

(1)       175 

Brachial    artery    compressed 

(2)       175 

for  two 

minutes. 

(3)       170 

(1) 

150 

(4)       175 

(2) 

155 

(3) 

160 

T<EFT  Arm. 

(4) 

155 

152 

In  this  case  the  actual  blood-pressure  was  evidently  not  over  152.       The 
two  arms  giving  different  readings  to  begin  with  came  to  give  practically 
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the  same  readings  in  the  end,  both  faUing  to  about  the  same  point  from  the 
initial  unequal  levels.  The  fall  in  the  left  arm  from  200  to  152  might  of  course 
be  partly  due  to  a  fall  of  actual  blood-pressure.  That  it  was  by  no  means 
wholly,  if  at  all,  due  to  such  is  shown  by  the  reading  of  175  got  from  the  right 
arm  immediately  after  the  1 52  in  the  left  ;  the  pressure  in  the  right  kept 
up  to  about  175,  and  then  the  left  was  found  to  be  still  at  the  same  lower 
level  as  before.  Digital  compression  of  the  right  brachial  was  followed  by  a 
lowering  to  practically  the  same  level  as  the  left.  At  intervals  of  a  few  weeks 
in  this  case  variable  first  readings  were  got,  140,  138  and  180,  without  evident 
change  in  the  general  condition. 


M.B.,    Act. 


CASE  7. 

Pulse  rate  70.     Arteries  very  6rm  and  tortuous  ;   generalised  thickening. 

A.     Right  Arm.                                       B.     Left  Arm. 

(1)  240                                                      (1)       270 

(2)  230                                                     (2)       250 

(3)  240-245                                              (3)       235 

(4)  250                                                        (4)       230 

(5)  270-280                                                (5)       220 

(6)  215 

(7)  215 

C.     Right  Arm.                                       D.     Left  Arm. 

(1)  240                                                     (1)       230 

(2)  260                                                     (2)       210 

(3)  260-265                                              (3)       215 

(4)  250                                                     (4)       215 

Here  the  remarkable  results  are  evident  inasmuch  as  repeated 
compression  of  the  right  arm  gives  a  rise  in  the  readings  while  repeated 
compression  of  the  left  gives  a  progressive  lowering.  In  the  case  of  the  right 
the  compression  evidently  causes  a  rise  of  general  blood-pressure,  the  left 
arm  giving  a  similar  high  reading  immediately  after  the  first  series  (A). 
The  fall  from  270  to  215  in  series  B  is  apparently  due  partly  to  diminished 
arterial  resistance  and  partly  to  an  actual  fall  of  blood-pressure,  as  indicated 
by  the  reading  of  240  got  immediately  after  from  the  right  arm.  Again  on 
repeated  compression  a  rise  of  about  15  occurs  in  the  right  arm  C,  which 
shows  by  a  rise  of  15  in  the  left  arm  at  the  beginning  of  D,  as  compared  with 
the  end  of  series  B,  though  the  reading  is  still  lower  than  on  the  right  side. 
The  interpretation  we  put  upon  these  results  is  that  the  actual  blood-pressure 
is  not  above  215,  and  that  the  higher  reading  in  the  right  arm  is  due  to  excess 
of  resistance  on  that  side.  The  variation  of  the  readings  seems  to  be  due 
partly  to  actual  changes  in  the  blood-pressure  and  partly  to  alterations  in  the 
resistance  of  the  arterial  wall  during  the  repeated  compressions.  It  is 
obvious  that  by  taking  the  verdict  of  the  obliteration  tests  at  different  points 
in  the  series  of  estimations,  the  estimate  of  "  blood-pressure  "  might  be 
anything  from  210  to  270-280. 

It  should  be  added  that  this  Mas  the  only  case  in  which  so  striking  a 
difference  in  the  nature  of  the  results  obtained  from  the  two  arms  was 
observed. 
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The  same  patient  as  in  CASE  7  six  weeks  afterwards.     Pulse  rate  70. 

Left  Arm.  Right  Arm. 

D.           R.  D.  R. 

(1)      145          140  (2)      18.")  180     Compression  kept  on  for 

(3)      145          140  Compression  kept  on  for                      195  190         a  little  time. 

165          160  a  little  time                              (4)      170  160 

(5)     160          155  (6)      130  125 

(7)      130          125  (8)      120  115 
The  diastolic  reading  at  the  end  of  the  series  was  80  mm. 

Here  there  was  an  initial  difference  of  40  mm.  between  the  two  arms, 
coming  down  on  repeated  compression  to  within  10  mm.,  a  fall  of  15  mm.  in 
the  left  arm  and  of  65  mm.  in  the  right  arm,  showing  that  the  readings  were 
affected  in  a  very  important  way  by  the  local  conditions  in  the  arms,  a  change 
in  the  general  blood-pressure  being  obviously  not  an  adecjuate  explanation. 
The  actual  pressure  was  evidently  not  over  115  mm.  while  the  initial  reading 
in  the  right  arm  had  been  180  mm.  (R).  It  is  possible  that  the  actual 
blood-pressure  may  have  fallen  slightly,  but  if  so,  the  fall  was  in  all  probabihty 
not  more  than  was  indicated  in  the  readings  from  the  left  arm,  which  would 
leave  an  error  of  50  mm.  in  the  right  arm. 

Another  point  to  be  noticed  in  this  case  is  the  readiness  with  w^hich  the 
blood-pressure  rose  when  the  compression  was  kept  on  the  limb,  the  effect 
of  the  latter  speedily  masking  or  overbearing  the  lowering  effect  of  repeated 
compression.  This  illustrates  the  interplay  of  two  factors,  (a)  the  disturbing 
influence  on  the  general  balance  of  the  vascular  mechanism,  and  (6)  the  local 
effect  on  the  artery  diminishing  the  resistance  of  its  wall. 

To  put  to  a  further  test  the  effect  of  continued  compression,  digital 
compression  of  the  right  brachial  artery  (without  constriction  of  the  limb) 
w^as  tried  for  two  minutes,  while  an  armlet  w-as  still  left  on  the  left  arm.  It 
was  found  that  both  systolic  and  diastolic  pressures  were  raised,  the  former 
from  125  to  175,  and  the  latter  from  90  to  105.*  The  respiration  was 
accelerated  and  deepened  and  there  were  general  signs  of  restlessness.  The 
pulse  was  slightly  slowed  from  66  to  62-63.  That  there  was  a  rise  of 
blood-pressure  was  easily  recognisable  by  the  finger  on  the  radial  artery, 
the  alteration  in  compressibility  being  very  notable.  It  need  hardly  be 
remarked  that  in  such  a  case  as  this  simultaneous  closure  of  both  brachials, 
in  order  to  get  synchronous  readings,  would  not  be  a  feasible  procedure. 

Conclusions    (Part  II). 

{The  conclusions  for  Part  I  are  given  on  jmge  299). 

Estimations  of  systohc  blood-pressure  by  the  obliteration  method, 
when  made  with  suitable  precautions,  give  substantially  correct  results  in 
ordinary  conditions  of  normal  health  and  also  in  the  great  majority  of  cases 

*  The  diastolic  pressure  was  tested  both  during  and  after  the  digital  compression  ;  the 
systolic  not  till  the  right  brachial  had  been  released  from  digital  compression.  The  rise  in  both 
pressures  was  found  to  persist  for  some  time  afterwards. 
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of  illness  in  the  collective  sense.  Even  when  the  disease  affects  the  vascular 
system  with  thickened  arteries,  &c.,  the  indications  are  in  the  majority  of 
cases  approximately  correct,  the  readings  ranging  from  moderate  or  low  to 
very  high  values.  It  is  only  in  a  minority  of  cases  that  any  serious  error  is 
liable  to  occur,  in  the  direction  of  over-estimation. 

In  some  such  cases  the  influences  of  local  conditions  may  be  very 
important,  especially  the  presence  of  abnormal  resistance  in  the  arterial 
wall,  depending  mainly  at  least  on  contraction  of  the  muscular  coat.  In  such 
conditions  very  different  readings  may  be  obtained  from  the  same  person  on 
the  same  occasion  according  to  the  limbs  or  parts  of  limbs  examined,  the 
using  of  first  or  later  readings,  &c. 

Continued  or  repeated  compression,  with  comparison  of  the  two  sides. 
&c.,  affords  a  valuable  method  of  detecting  the  presence  of  such  error, 
though  not  invariablv  decisive,  in  some  instances  considerable  disturbances  of 
blood-j^ressure  may  occur.  Results,  both  positive  and  negative,  obtained 
by  this  method  show  a  striking  parallelism  to  those  yielded  by  excised 
surviving  arteries. 

Remarkable  variations  of  blood-pressure  may  occur  in  some  cases  with 
no  very  evident  change  in  the  general  condition  of  the  patient. 

We  have  to  record  our  thanks  to  Dr.  G.  Spencer  Melvin  for  valuable 
assistance  in  the  later  part  of  our  inquiry,  on  both  the  experimental  and 
the  clinical  sides,  and  we  have  to  express  our  indebtedness  to  Dr.  Clifford  Bell 
for  selecting  and  enabling  us  to  examine  a  series  of  highlv  suitable  cases. 
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Introduction. 

Betr  aspect. 

A  SERIES  of  cases  of  sudden  death  in  animals  under  the  influence  of  chloroform 
was  alluded  to  in  a  preliminary  communication^*  to  the  Physiological  Society 
about  two  years  ago,  and  it  was  therein  shown  that  these  deaths  were  due 
to  fibrillation  of  the  ventricles.  In  a  later  communication^^  I  described  in 
detail  the  manner  of  death  occurring  during  the  stage  of  the  induction  of 
chloroform  anaesthesia,  and  it  was  shown  that  in  these  cases  likewise  the 
ventricles  fibrillated. 

I  have  now  succeeded  in  producing  this  cardiac  phenomenon  by  a 
number  of  experimental  methods. 

The  key  to  the  solution  of  the  problem  was  afforded  by  observations 
upon  cardiac  irregularities  which  developed  spontaneously  in  cats  when  the 
strength  of  the  chloroform  was  diminished,  or  on  cessation  of  administration, 
these  irregularities  frequently  assuming  a  form  which  was  identical  with  that 
which  was  likewise  observed  to  be  an  invariable  antecedent  to  the  act  of 
fibrillation.  Further  light  was  afforded  by  the  observation  that  small 
quantities  of  adrenalin  injected  into  the  blood  of  the  lightly  chloroformed 
animal  caused  ventricular  fibrillation,  an  action  likewise  described  in  the 
afore-mentioned  preliminary  communication. 

These  observations  were  confirmed  and  their  relationship  expounded 
in  an  investigation  undertaken  in  conjunction  with  Dr.  T.  Lewis ^i  into  the 
electro-cardiographic  phenomena  of  chloroformed  cats.  The  irregularities 
were  therein  recognised  as  the  result  of  premature  contractions  (or 
extrasystoles)  arising  from  various  foci  in  the  ventricles  and  exhibiting  grades 
of  complexity  ranging  from  single  extrasystoles  arising  in  a  single  abnormal 
point  up  to  a  rapid  succession  of  extrasystoles  from  several  different  foci 
(multiple  tachycardia).  When  the  ventricles  exhibit  these  latter  complicated 
irregularities,  they  are  in  a  state  of  potential  fibrillation,  fibrillation  being  but 
a  progressive  stage  in  the  chain  of  events. 

It  is  evident  in  studying  ventricular  fibrillation  that  great  importance 
must  be  attached  to  the  observation  of  these  irregularities  as  constituting 
antecedent  stages,  and  as  affording  minor  evidences  of  a  process  which, 
in  a  more  intense  form,  would  terminate  in  complete  cardiac  syncope.  The 
conclusions  of  other  investigators  regarding  the  source  of  origin  of  these 
irregularities  have  therefore  suggested  the  lines  of  investigation  that  I  have 
adopted  in  tracing  out  the  exciting  causes  of  ventricular  fibrillation. 

There  are  two  main  theories  extant  relating  to  the  production  of 
ventricular  abnormalities  in  hearts  held  to  be  acting  under  normal  conditions  : 
(1)  that  supported  by  Hering,^  Knoll, ^^  and  Heidenhain,^  which  refers  their 
production  to  an  increase  in  the  intracardiac  tension,  further  supported  by 
Mac  William's  view^^  that  ventricular  fibrillation  is  purely  mechanical  in 
origin  ;  (2)  that  supported  by  Rothberger  and  Winterberg^-''  and  by  Garrey,^ 
which  refers  their  production  to  nervous  influences. 
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The  theoretical  considerations  thus  briefly  indicated  are  in  many 
respects  compKcated  and  obscure,  but  it  is  evident  that  either  or  both  of 
these  two  views  may  be  held  to  afford  an  interpretation  of  the  adrenalin 
reactions.  Adrenalin,  as  is  well  known,  is  held  to  act  upon  the  myoneural 
junctions  of  the  entire  sympathetic  distribution,  thus  stimulating  the  heart 
in  addition  to  producing  a  general  vasoconstriction,  and  hence  this  research 
in  taking  the  adrenalin  reaction  as  a  starting  point,  has  branched  off  into  two 
well-defined  paths.  From  this  paper,  however,  \nth  the  exception  of  one 
important  reference,  I  am  excluding  the  whole  of  the  details  of  my  work 
relating  to  the  pressor  influences  under  chloroform,  for  although  at  the 
beginning  I  favoured  a  theory  of  reaction  to  a  raised  intracardiac  tension 
and  found  much  apparent  confirmation  of  it,  it  became  evident  that  many  of 
the  pressor  influences  were  associated  with  cardiac  augmentor  influences, 
and  ultimately  I  failed  to  find  definite  evidence  that  pressor  changes  bore  any 
relation  of  importance  to  the  production  of  these  described  cardiac 
irregularities  under  chloroform.  That  portion  of  the  work  will  be  therefore 
more  conveniently  considered  later  in  a  separate  paper. 

On  the  other  hand  by  pursuing  the  alternative  theory  of  a  direct  cardiac 
action,  I  have  been  led  to  constant  and  coherent  results  which  are  open  to  a 
definite  theoretical  interpretation,  although  this  interpretation  is  not  that 
of  the  production  of  the  irregularities  through  influences  which  are 
necessarily  of  a  nervous  character,  as  will  appear  in  the  course  of  this  paper. 
The  conclusions  at  which  I  have  thus  arrived  have  such  an  important 
practical  reference  that  I  have  felt  constrained  to  embody  in  this  paper  the 
essential  features  of  my  research  whilst  certain  theoretical  points  remain 
under  consideration,  leaving  the  detailed  account  of  many  of  my  earHer 
experiments  to  be  considered  in  a  following  paper. 

I  have  pleasure  in  here  expressing  my  indebtedness  to  Dr.  T.  R.  Elliott 
and  Dr.  T.  Lewis  for  the  assistance  I  have  received  from  them  in  follo\Wng 
up  my  subject  ;  the  special  knowledge  which  each  possesses  has  been  very 
helpful  in  many  respects. 

Methods  of  experiment. 

All  the  experiments  herein  described  were  performed  upon  cats.  The 
blood-pressure  curves  were  registered  from  an  artery,  generally  the  carotid, 
by  means  of  a  Lud^\■ig's  mercury  manometer  or  a  Hiirtle's  membrane 
manometer,  employed  independently,  or,  as  in  some  cases,  conjointly 
according  to  a  method  described  by  Sollman  and  Pilcher,^  of  damping  the 
mercurial  oscillations  down  to  their  smallest  dimensions  by  means  of  a  screw 
clamp  on  the  rubber  connecting  tube,  so  that  a  quantitative  indication  only 
of  the  mean  blood-pressure  is  inscribed  without  affecting  the  more  dehcate 
record  of  the  individual  heart  beats  traced  simultaneously  by  the  lever  of  the 
membrane  manometer.  A  typical  example  of  such  a  combined  curve  is 
shown  in  Fig.  6. 
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The  mercury  manometer,  when  used  alone,  affords  a  very  graphic 
representation  of  fluctuations  of  blood-pressure  and  cardiac  pauses  and  is 
therefore  the  most  ready  means  of  recognising  the  onset  of  irregularities,  but 
it  is  hable  to  slur  over,  or  totally  obscure  the  individual  abnormal  beats,  and  it 
is  for  the  proper  analysis  of  these  that  the  Hiirtle  manometer  is  found  useful. 
This  latter  instrument  has  however  the  disadvantage  of  occasionally  rendering 
the  more  extreme  degrees  of  irregularities  (multiple  tachycardias)  as  an 
apparently  regular,  or  almost  regular  sequence.  The  two  forms  of  record 
thus  reciprocate,  and  their  respective  features  are  illustrated  in  the  curves 
reproduced  in  Fig.  1,  a,b  and  c. 

A  half  saturated  solution  of  sodium  sulphate  was  employed  to  fill  the 
manometer  and  its  connecting  tubes. 

The  chloroform  vapour  was  administered  by  passing  it,  mixed  ^dth  air 
in  suitable  proportions,  through  the  small  end  of  a  funnel  which  covered  the 
head  of  the  animal  (the  so-called  ad  plejium  method  of  administration). 
The  percentage  of  vapour  was  regulated  by  means  of  an  appliance  elsewhere 
described^^  ;  this  was  attached  to  the  inlet  pipe  of  a  Brodie's  pump,  a 
distended  rubber  bag  on  the  dehvery  tube  of  the  latter  serving  to  convert  the 
intermittent  into  a  continuous  stream.*  The  animals  were  anaesthetised  by 
submitting  them  from  the  start  to  the  influence  of  a  2%  vapour,  which  was 
continued  without  intermission  ;  the  percentage  being  ultimately  increased 
sufficiently  to  produce  complete  muscular  relaxation. 

In  order  to  perform  control  experiments  upon  a  cat  not  affected  by  any 
angesthetic,  and  also  in  order  to  study  the  induction  of  chloroform  anaesthesia 
from  the  first  moment  of  the  administration,  two  methods  were  adopted. 
(1)  That  described  by  Brooks-  whereby  an  artery  was  prepared  under  a 
general  anaesthetic  one  day,  and  on  the  next  a  cannula  was  slipped  into  it 
without  difficulty  under  a  local  anaesthetic  only.  In  some  cases  I  employed 
the  special  form  of  metal  cannula  described  by  Brooks.  (2)  The  cat  was 
rendered  anaesthetic  by  passing  a  stylet  into  the  foramen  magnum  and 
cutting  across  the  crura  cerebri.  Sometimes  it  Avas  possible  to  avoid  injury  to 
the  bulb  and  then  natural  respiration  was  maintained,  otherwise  artificial 
respiration  was  carried  out  in  these  cases.  In  both  of  these  two  methods 
chloroform  narcosis  could  be  subsequently  induced  in  the  usual  manner. 

The  successful  demonstration  of  the  results  hereinafter  described 
depends  essentially  upon  a  precise  control  of  the  anaesthetic — this  degree  of 
anaesthesia  must,  on  the  one  hand,  suffice  to  obviate  the  supervention  of 
spontaneous  irregularities,  and  on  the  other  hand  be  insufficient  to  depress 
the  heart  to  the  point  of  modifying  or  preventing  the  onset  of  these  irregu- 
larities when  an  attempt  is  made  to  excite  them,  or  to  depress  the  reflex 
mechanisms  involved  in  some  of  the  experiments.  For  these  reasons 
prolonged  dissections   or  severe   operations   are  inadvisable,   and  negative 


*For  pirrposes  of  artificial  respiration  the  bag  was  discarded,  and  the  intermittent  stream 
employed. 
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Fig.    1.     Types  of  irregularities  occurring  under  light  chloroform  anjesthesia. 

A.  Hurtle  and  Ludwig  curves  recorded  simultaneously  from  separate  carotid  arteries. 
R.  Respiratory  curve,  a.  Hiirtle  curve,  h.  Hirrtle  abscissa  and  time  signal  marking 
seconds,  c.  Ludwig  ciu-ve.  The  Ludwig  abscissa  is  not  shown.  These  cvirves  illustrate 
a  rapid  type  of  irregular  tachycardia  vuider  chloroform.  The  Hiirtle  manometer  accentuates 
the  individual  pulse  beats,  often,  a^s  in  this  case,  with  little  appearance  of  irregularity.  The 
mercury  manometer  accentuates  the  irregular  natiu-e  of  the  curve,  but  obhterates  the 
individual  beats.  The  fluctuations  in  pressure  bear  no  relation  to  the  respiratorj-  rhj-thm. 
Rate  of  beat — 270  to  300  per  minute. 

B.  Contrasted  Hiirtle  and  Ludwig  curves,  recording  consecutive  periods  of  an  irregular 
tachycardia  with  beat  rate  of  180  per  minute,  a.  Hiirtle  curse.  6.  Hiirtle  abscissa  and 
time  signal  marking  seconds,     c.  Ludwig  curve,     d.   100  mm.  mercury  pressure  level. 

C.  Contrasted  Hiirtle  and  Ludwig  curves,  recorded  during  consecutive  periods  of  a 
simple  form  of  irregularity,  i.e.,  bigeminal  beats,  a.  Hiirtle  ciu-ve.  h.  Hiirtle  abscissa, 
c.   Ludwig  cuurve.     d.   100  mm.  mercurj"  pressure  level,  and  time  signal  in  seconds. 

The  Ludwig  curves  appear  to  represent  a  regvdar  and  slow  beat  of  90  per  second.  The 
Hiirtle  curve  demonstrates  the  beats  as  bigenunal  and  the  rate  doubled  (180  per  second). 
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results  especially  are  valueless  under  such  conditions,  frequently  the  best 
results  are  only  obtained  in  animals  in  which  the  necessary  dissections  had 
been  previously  carried  out  and  much  of  my  work  was  performed  upon  such 
surviving  animals. 

Artificial  respiration  was  employed  for  exceptional  experiments  only, 
and  such  exceptions  are  stated  in  the  text.  Ventricular  irregularities  are  less 
readily  exhibited  in  animals  under  its  influence. 

Definitions. 

(1)  The  terms  light  and  deep  anaesthesia  require  definition.  They  can 
be  expressed  largely  in  terms  of  the  percentage  administered,  but  not 
precisely,  for  the  degree  of  anaesthesia  is  likewise  affected  by  the  duration 
of  the  administration — thus  an  animal  may  be  only  lightly  anaesthetised  by  a 
short  duration  of  a  high  percentage,  a  fact  which  has  in  the  past  led  to 
confused  inferences  ;  the  converse  is  also  naturally  the  case.  With  these 
reservations  a  vapour  of  1%  or  thereabouts  may  be  taken  to  imply  light 
anaesthesia,  but  the  lighter  the  anaesthesia  the  more  favourable  are  the 
conditions  for  the  production  of  ventricular  fibrillation,  and  this  appUes  not 
only  to  the  experiments  with  adrenalin  but  in  the  case  of  most  of  the 
remaining  methods  employed  to  bring  it  about.  It  is  important  to  note  that 
the  fact  of  the  animals  being  lightly  anaesthetised  does  not  imply  an  anaesthesia 
insufficient  for  ordinary  hght  operations,  in  fact  it  has  frequently  been  my 
practice  to  work  with  animals  entirely  unrestrained  either  in  head  or  limb, 
the  only  fixed  connection  being  the  arterial  cannula  clamp.  Powerful 
sensory  stimulations  such  as  the  excitation  of  a  sensory  nerve  with  a  strong 
faradic  current  under  such  circumstances  naturally  sometimes  produce 
reflex  movement,  but  all  ordinary  manipulations  were  performed  without 
difficulty  and  without  interference  with  the  recording  apparatus  although  the 
anaesthesia  came  within  my  category  of  light  anaesthesia. 

(2)  The  symbol  "  V.F."  is  employed  to  represent  the  words  "  ventricular 
fibrillation  "  in  the  tabulated  accounts  of  experiments. 

(3)  The  term  "  multiple  tachycardia  "  is  employed  to  denote  a  rapid 
sequence  of  ventricular  extrasystoles  arising  from  multiple  foci. 

Types  of  irregularities. 

Several  well  defined  types  of  irregularities  occurring  under  chloroform 
have  been  previously  fully  described  and  illustrated. ^^  In  addition  to  these 
it  is  common  to  observe  disorderly  successions  of  normal  and  irregular  beats 
presenting  various  complicated  records  which  cannot  be  analysed  by 
manometric  methods  alone.  Such  types  of  irregularities  are  exemphfied 
in  Fig.  1,  and  many  of  the  succeeding  figures. 

Recovery  from  ventricular  fibrillatio7i. 
Ventricular  fibrillation  is  recognised  as  the  most  deadly  form  of  cardiac 
syncope,  in  fact  it  was  at  one  time  a  moot  physiological  point  whether  the 
heart  ever  recovered  from  it.     As  the  result  of  an  extensive  experience  of  this 
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condition  I  am  able  to  state  that  spontaneous  recovery  in  the  cat  is  not 
infrequent  ;  it  may  occur  after  a  few  seconds  of  fibrillation  (Fig.  2  and  10) 
or  indeed  after  a  period  of  one  or  more  minutes  (Fig.  11).  As  a  general  rule, 
however,  the  heart  neither  recovers  spontaneously  nor  can  it  be  restored  to 
its  normal  functions  by  any  method  in  general  use  for  the  treatment  of  cardiac 
syncope,  and  it  eventually  dies  from  asphyxia  of  its  tissues.  It  does  appear, 
however,  that  the  proportion  of  recoveries  may  be  increased  by  certain 
special  measures,  direct  rhythmic  compression  of  the  ventricles  being 
particularly  effective,  but  the  discussion  of  these  matters  I  reserve  for  a 
later  communication. 

I.     The  direct  cardiac  efeect  of  adrenalin. 

(a)     Aspects  of  the  reaction  of  general  application. 

The  adrenalin  reaction  has  been  so  fully  dealt  vriih.  elsewhere^*  ^^  ^  ^^ 
that  a  very  brief  re-statement  will  suffice  for  the  purposes  of  this  paper.  In 
animals  anaesthetised  with  chloroform  to  a  full  surgical  degree  the  reaction 
consists  of  the  usual  rise  of  blood-pressure  with  or  Anthout  the  accompaniment 
of  a  ventricular  tachycardia,  never  followed  by  ventricular  fibrillation. 
Under  light  chloroform  anaesthesia  the  tachycardia  is  invariable,  and  in  the 
great  majority  of  instances  permanent  ventricular  fibrillation  ensues. 

These  observations  have  now  been  very  fully  established  by  a  large 
number  of  experiments  with  this  drug  ;  they  are  of  fundamental  importance 
in  relation  to  the  study  of  ventricular  fibrillation  under  chloroform.  The 
reaction  is  modified  by  various  conditions  which  it  is  unnecessary  to  deal  with 
fully  in  the  present  paper,  but  given  a  healthy  animal  with  a  well-sustained 
circulation  and  inhaling  chloroform  at  a  low  percentage,  the  respiration  being 
natural  and  unembarrassed,  then  the  intravenous  injection  of  0065  m.g.  of 
adrenalin  chloride,  or  frequently  of  a  less  amount,  entails  the  almost  certain 
onset  of  ventricular  fibrillation. 

Ventricular  fibrillation  produced  in  this,  or  indeed  in  any  other  way 
under  chloroform,  is  generally  permanent,  and  the  heart  dies  from  cessation  of 
the  circulation.  Occasionally  the  heart  recovers  spontaneously,  it  may  be 
in  a  few  seconds  or  again  after  a  period  of  minutes,  sometimes  only  to  fail 
again  (Fig.  2),  sometimes  to  resume  its  functions  permanently.  The 
tendency  to  recovery  is  more  pronounced  the  smaller  the  dose  of  adrenalin, 
and,  a  point  of  great  practical  importance,  the  deeper  the  degree  of  anaesthesia. 
In  the  case  of  an  injection  being  performed  under  artificial  respiration  the 
tendency  to  recovery  is  likewise  increased. 

The  cessation  of  the  heart's  action  from  ventricular  fibrillation  occurring 
under  the  influence  of  chloroform  is  abrupt  and  complete.  The  sudden  fall 
in  the  blood-pressure,  which  constitutes  such  a  striking  feature  in  many  of 
the  tracings  reproduced,  occurs  in  fact  absolutely  simultaneously  %^-ith  the 
onset  of  fibrillation.  This  was  seen  to  be  the  case  in  simultaneous  manometric 
and  galvanometric  curves  in  which  corresponding  points  could  be  identified 
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with  certainty.  Moreover,  the  onset  of  a  full  period  of  fibrillation  is 
unmistakeably  and  immediately  evident  to  the  naked  eye  when  the  heart  is 
at  the  time  exposed,  and  is  readily  enough  differentiated  visually  from  the 
complicated  irregular  action  of  the  heart  which  precedes  it.  This  fact  was 
demonstrated  by  depressing  a  signal  key  on  observing  the  onset  of  fibrillation 
in  an  exposed  heart,  the  signal  marks  on  the  kymographic  record  being 
always  found  to  correspond  with  the  dips  in  the  pressure  curve  ;  such  a 
kymographic  record  is  shown  in  Fig.  2. 

It  is  made  certain  in  this  way  that  momentary  periods  of  ventricular 
fibrillation  may  occur,  resulting  in  a  sudden  but  shght  fall  of  pressure  only, 
for  rapid  recovery  of  the  heart  precludes  a  very  low  fall.  Such  short  periods 
certainly  may  not  be  always  easy  to  differentiate  with  the  eye  from  the 
intermixed  periods  of  multiple  extrasystoles,  although  they  are  perfectly 
indicated  on  the  manometer  tracing,  and  I  think  that  such  an  intermingled 
sequence  of  short  but  definite  periods  of  fibrillation  and  tachycardias  may 
possibly  in  some  cases  create  an  impression  of  transitional  conditions  :  I  am 
referring  simply  to  my  own  special  experiences,  and  I  do  not  wish  to  infer  that 
modified  forms  of  fibrillation  may  not  occur  under  some  other  conditions. 
For  all  practical  purposes  therefore  I  regard  the  cessation  of  the  heart's 
action  and  the  consequent  fall  of  blood-pressure  as  a  definite  means  of 
discriminating  between  fibrillating  and  non-fibrillating  ventricles,  and  I  do 
not,  at  least  in  resj^ect  of  these  chloroform  experiments,  regard  the  ventricles 
as  truly  fibrillating  in  any  case  in  which  the  blood-pressure  is  sustained. 

The  occurrence  of  ventricular  fibrillation  may  be  confirmed  by  cutting 
open  the  chest  and  slitting  up  the  pericardium  as  raj^idly  as  possible  after 
the  fall  of  blood-pressure.  The  ventricles  may  then  be  found  in  the  first 
or  coarse  stage  of  fibrillation,  but  if  inspection  be  longer  dela3'ed  the  second 
stage  may  be  encountered  ;  the  ventricles  are  then  found  in  a  state  of  relaxa- 
tion and  exhibiting  faint  fibrillary  twitchings,  which  may  be  only  perceptible 
on  close  inspection  of  the  region  of  the  intraventricular  septum.  A  test  may 
be  i^erformed  for  the  presence  of  true  fibrillation,  ^hen  otherwise  doubtful, 
by  firm  rhythmic  compression  of  the  heart,  for  this  tends  to  restore  the 
initial,  and  more  readily  visible,  stage  of  fibrillation.  The  auricles,  if 
inspected  at  a  sufficiently  early  stage,  may  be  found  actively  fibrillating,  but 
this  condition  soon  j^asses  off,  and  a  feeble  rhythmic  beat  supervenes  which 
may  continue  for  a  very  long  time.  If,  as  is  usually  the  case,  the  animal  dies 
under  conditions  of  full  vascular  aeration,  then  the  left  auricle  is  bright  red 
and  the  right  purple  in  colour. 

A  precipitate  fall  of  blood-pressure  from  a  high  or  moderate  pressure 
level  under  chloroform  and  in  sequence  to  a  stage  of  irregular  tachj^cardia 
may  be  taken  as  invariably  indicative  of  ventricular  fibrillation.  At  first  I 
systematically  inspected  the  heart  after  syncope,  whether  induced  by 
adrenalin  or  by  any  other  means,  and  I  invariably  found  the  ventricles 
exhibiting  fibrillar}'  contractions.  Latterly  therefore  I  have  not  in  every 
case  confirmed  the  reaction  in  this  way,  as  it  is  unnecessary,  the  sequence  of 
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Fig.  2.  X  |.  Ludwig  manometer  curve  showing  how  periods  of  V.F.  may  be  observed  in  the 
exposed  heart  and  correspond  to  dips  in  the  recorded  blood -pressure  curve.  The  signal 
marks  f,  f,  f,  were  made  by  depressing  the  signal  kej'  when  the  ventricles  were  observed  to 
pass  into  a  condition  of  fibrillar  contractions.  These  periods  were  definitely  differentiated 
by  inspection  alone  from  the  condition  of  multiple  extrasjstoles  which  preceded  and 
succeeded  them,  and  the  signal  marks  are  seen  to  synchronize  with  the  deep  dips  in  the  blood- 
pressure  curve.  The  chest  wall  and  pericardium  were  laid  open  and  artificial  respiration 
maintained  with  0-5%  chloroform.  Adrenalin  0-2  mgms.  injected  into  the  saphenous  vein. 
Time  in  seconds. 


Fig.  3.  X  y,.  Contrasted  consecutive  Ludwig  curves  from  the  same  animal,  showing  the 
result  of  an  intravenous  injection  of  00(J5  mgms.  of  adrenalin,  A.  when  not  under  chloroform, 
B.  when  under  0-5"o  chloroform.  In  A.  the  heart  beat  is  slowed  and  regular,  the  initial 
intermissions  being  due  to  volitional  movements.  In  B.  the  heart  passes  into  a  condition  of 
multiple  tachycardia.  Cannula  in  crural  artery.  The  abscissa  line  has  been  raised  to  the 
100  mm.  pressure  level, and  the  vertical  index  represents  higher  pressures.       Time  in  seconds. 
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events  being  absolutel}'  diagnostic.  I  may  add  that  I  have  never  observed 
a  sudden  cardiac  syncope  in  sequence  to  a  regular  heart  beat  in  any  of  the 
experiments  described  in  this  paper. 

A  series  of  asphyxial  gasps  follow  sudden  cardiac  syncope,  and  form  a 
notable  feature  in  death  from  ventricular  fibrillation  under  chloroform. 
They  demonstrate  that  the  respiratory  centre  is  active  and  not  depressed  by 
the  action  of  the  anaesthetic,  and  are  more  or  less  marked  according  as 
anaesthesia  is  deeper  or  lighter  at  the  moment,  and  in  the  hghter  degrees  they 
are  accompanied  by  a  state  of  asphyxial  spasm  of  the  whole  body  ;  desultory 
respiratory  efforts  may  continue  long  after  the  failure  of  the  heart.  A 
tracing  of  this  respiratory  phenomenon  as  a  result  of  adrenaUn  injection  has 
elsewhere  1^  been  shown,  and  another  example  (Fig.  19)  is  given  in  the  course 
of  this  paper  to  illustrate  that  a  precisely  similar  result  occurs  as  a  consequence 
of  ventricular  fibrillation  produced  by  other  means.  On  recovery  of  the 
heart  from  fibrillation  the  respiration  again  recovers  itself,  and  on  recurrence 
of  fibrillation  the  exaggerated  phase  is  again  repeated,  and  thus  it  may  happen 
that  the  actual  process  at  work  may  be  somewhat  obscured  in  the  case  of  a 
death  from  ventricular  fibrillation,  in  the  absence  of  a  graphic  record  of  events. 

(6)     Control  experiments. 

These  were  performed  by  injecting  adrenahn  into  animals  not  under  the 
influence  of  any  anaesthetic,  and  subsequently  repeating  the  injection  after 
the  administration  of  chloroform. 

Two  methods  were  employed  : — 

(i).  Limited  to  a  single  experiment.  The  curves  were  taken  from  an 
intact  animal  by  the  method  of  Brooks,  ^  and  are  shown  in  Fig.  3.  The  first 
curve,  resulting  from  the  injection  of  adrenalin*  when  the  animal  was  not 
under  the  influence  of  any  anaesthetic,  is  charaeterised  by  a  retardation  of  the 
heart  beat,  which  remains  regular.  There  are  intermissions  in  the  first  part  of 
this  curve,  but  I  doubt  if  these  are  really  due  to  single  extrasystoles ;  they  are 
sufiiciently  explained  by  the  animal  happening  to  move  at  this  moment — for 
the  duration  of  the  rest  of  the  curve  it  remained  perfectly  quiescent.  The 
second  curve  was  taken  after  chloroform  anaesthesia  had  been  induced,  the 
percentage  being  reduced  to  0-5%  at  the  time  of  the  injection  ;  it  is  fairly 
typical  of  a  chloroform  tachycardia  as  registered  by  a  mercury  manometer, 
but  this  experiment  proved  to  be  an  exceptional  case,  for  the  tachycardia 
did  not  terminate  in  fibrillation.  The  dose  of  adrenalin  in  each  instance  was 
0'065  mgms. 

(ii).  The  animal  was  rendered  anaesthetic  in  the  first  place  by  pithing  the 
cerebrum  and  subsequently  put  under  chloroform.  Five  experiments  of  this 
kind  were  performed.  Under  such  circumstances  adrenahn  causes  a  large 
rise  of  blood-pressure  in  the  absence  of  chloroform,  but  even  when  employing 

*  The  injection  was  made  under  cocaine  into  the  crural  vein,  which  had  been  previously 
exposed  in  preparing  the  crural  artery. 
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abnormally  large  doses,  I  have  not  observed  any  trace  of  irregularities.  The 
pulse  rate  under  such  conditions  may  be  affected  in  either  direction  (out  of  five 
experiments  acceleration  occurred  in  three  and  retardation  in  two), 
but  otherwise  the  beat  is  unaffected  and  the  tracing  is  generally 
remarkable  for  its  jDcrfect  regularity.  When,  however,  chloroform  is 
administered  to  an  animal  treated  in  this  fashion,  then,  although 
adrenalin  does  not  invoke  a  permanent  fibrillation  of  the  ventricles,* 
yet  the  usual  sequence  of  intense  irregularities,  often  with  momentary 
periods  of  fibrillation,  is  brought  about.  Paired  observations  of  this 
nature  are  illustrated  in  Fig.  4  and  5.  In  the  experiment  from  which 
Fig.  4  was  taken  the  vagi  had  been  cut  and  large  doses  (0-2  mgms.)  injected  in 
order  to  obtain  a  full  effect  ;  in  the  curve  taken  without  chloroform  the  beat 
was  rapid  both  before  and  after  the  injection,  but  slightly  accelerated  after  ; 
the  beats  were  powerful  and  normal  beats,  as  was  confirmed  by  reference 
to  the  simultaneous  damjjed  mercury  manometer  curve  (not  shown  in  the 
figure)  in  which  every  beat  was  well  defined,  with  well-marked  respiratory 
curves  and  without  a  trace  of  the  irregular  dips  in  pressure  which  are  so 
characteristic  of  extrasystolic  tachycardias.  In  Fig.  5  are  shown  a  contrasted 
pair  of  curves  registered  by  the  undamped  mercury  manometer,  the  vagi 
being  uncut  and  the  usual  small  doses  of  adrenalin  being  administered. 

The  foregoing  experiments  clearly  demonstrate  that  adrenalin  has  not 
any  innate  power  of  producing  ventricular  irregularities,  but  that  it  acts  as  an 
exciting  cause  only  A\hen  the  heart  is  rendered  sensitive  by  chloroform. 
This  statement  is  at  variance  with  the  observations  of  Kahn,^^  Avhich  have 
been  generally  regarded  as  indicating  that  multiple  tachycardias  are  a 
frequent  and  normal  sequence  of  adrenalin  injections  (c/.  electrocardiogram 
No.  16  in  his  paper),  but  Kahn's  experiments  are  vitiated  by  reason  of  his 
experiments  being  performed  with  animals  deeply  under  a  general  ansesthetic, 
a  mixture  containing  chloroform  (chloroform  9,  ether  30,  petroleum  ether 
3),  and  this  fact  brings  his  observations  into  conformity  with  my  own. 


(c)   The  cardiac  action  of  adrenalin. 

The  action  of  adrenalin  on  the  heart  is  a  local  one  and  not  induced 
through  central  nervous  agency.  This  was  proved  by  isolating  the  heart 
from  all  nervous  connections.  The  isolation  was  performed  very  thoroughly 
by  extirpating  the  stellate  ganglia  or  by  section  of  their  cardiac  branches, 
together  with  section  of  the  vago-sympathetic  trunks  in  the  neck  ;  the  spinal 
cord  was  destroyed  in  addition  in  some  instances,  in  one  case  the  bulb 
also.  Six  experiments  were  performed  and  in  five  of  them  the  heart 
fibrillated.     The  following  experiment  will  serve  as  an  example. 


*  This  has  since  been  attributed  to  a  stimvilation  of  the  vagal  centres  by  the  act  of  pithing  and 
by  the  subsequent  high  intracranial  pressure. 
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Experiment,   August  the  loth,  1912.     Both  stellate  gangUa  excised  at  a  previous  operation 
Vagi  cut.     Spinal  cord  destroyed  by  passing  a  stylet  down  the  vertebral  canal  under  artificial 

'^^''^  Theliijection  of  0-065  mgms.  of  adrenalin  chloride  into  a  saphenous  vein  under  0-5  per  cent, 
chloroform  induced  V.  F.  in  22  seconds. 

In  Fig.  6  is  shown  a  tracing  of  a  similar  experiment.  The  curve  is 
somewhat  unusual  in  connection  with  adrenaUn  in  showing  an  early  period 
of  what  are.  apparently,  slowed  beats,  but  which  close  inspection  of  the 
original  curve  shows  to  be  conditioned  by  a  bigeminy  due  to  extrasystoles. 


Fie  5  X  -^  A.n  experiment  performed  imder  similar  conditions  to  that  described  in  the 
precedin'^  figure.  Ludwig  manometer  employed  in  this  case.  The  vagi  were  not  cut,  and 
ordinary" doses  (0-065  mgms.)  of  adrenalin  injected.  The  signal  line  had  been  adjusted  to 
serve  as  the  abscissa  to  both  pressure  curves.  The  numbers  serve  as  a  reference  to  blood - 
pressure  levels  as  follows  :  (1)  =  74  mm.  ;  (2)  =  200  mm.  ;  (3)  =  64  mm.  ;  (4)  =130  mm. 

{(i)     The  reaction  in  chloroformed  dogs. 

The  reaction  in  dogs  is  similar  to  that  in  cats,  but  a  larger  dose  of 
adrenahn  is  apparently  necessary,  e.g.,  0-13  mgms.  The  tachycardia 
produced,  so  far  as  I  have  observed  it,  is  not  so  rapid  as  in  the  case  of  cats. 

(e)      The  adrenalin  reaction  in  the  chloroformed  human  subject. 

A  communication!*  in  regard  to  this  matter  was  recently  read  before  the 
British  Medical  Association,  and  it  was  therein  shown  that  fatahties  have 
occurred  from  the  ill-advised  use  of  adrenalin  for  surgical  purposes  and  for 
the  treatment  of  shock  in  patients  under  chloroform.  It  was  shown,  moreover, 
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that  the  anaesthesia  was  a  Hght  one  at  the  time  of  the  injection  and  that  the 
mode  of  death  was  similar  to  that  which  occurs  in  cats  under  similar 
conditions.*  The  only  difference  noted  was  a  pronounced  tendency  to 
recovery  in  the  human  subject. 

A  further  fatality  of  this  kind  has  been  reported  just  recently  {Brit.  ined. 
Jotirn.,  1913,  i,  879).     The  following  is  a  brief  abstract  : — 

"  The  patient  was  a  male  aged  26,  a  well -developed  and  healthy  man.  Operation  for 
deflected  nasal  septum." 

'*  Anaesthesia  was  induced  by  chloroform  given  upon  a  Skinner's  msisk,  and  it  was  decided 
to  inject  some  adrenalin  into  the  nose  subcutaneously.  At  the  time  of  the  injection  anaesthesia 
was  light  (a  brisk  corneal  reflex  being  obtainable),  the  pulse  strong,  and  the  patienfs  colour  good. 
No  more  chloroform  was  given." 

"  About  one  minute  after  the  injection  the  pulse  suddenly  became  very  rapid  and  then 
imperceptible  ;  at  the  same  time  the  patient's  colour  became  leaden  grey  and  the  pupils  widely 
dilated.  About  three  deep  gasps  were  taken  after  the  pulse  had  failed,  and  then  respiration 
ceased." 


II.      The   direct   cardiac   effect  of  excitation   of  the   accelerator 

NERVES. 

If  we  dismiss  the  general  pressor  action  of  adrenalin  from  consideration 
and  regard  ventricular  fibrillation  as  resulting  from  the  excitory  influence 
which  adrenalin  exerts  upon  the  myoneural  junction  of  the  sympathetic 
nerve  supply  of  the  heart,  then  it  is  evident  that  confirmation  of  this  view 
should  be  obtained  by  exciting  these  same  junctions  through  ordinary 
physiological  channels,  i.e.,  through  the  accelerator  nerves  themselves. 
Such  an  experimental  procedure  does  in  fact  confirm  this  view  of  the  action 
of  adrenalin  in  a  convincing  and  complete  manner.  A  short  note^^  has 
already  appeared  touching  on  this  subject,  but  it  requires  some  further 
reference  here. 

The  experimental  procedure  adopted  was  as  follows  :  The  cat  was 
anaesthetised  in  the  usual  way,  care  being  taken  to  avoid  any  unnecessary 
excess  of  chloroform  throughout.  The  right  stellate  ganglion  was  exposed  by 
Anderson's  dorsal  operation  between  the  heads  of  the  first  and  second  ribs  and 
all  its  connections  were  divided  w4th  the  exception  of  the  two  post-ganglionic 
cardiac  nerves.  A  carotid  artery  was  then  prepared  and  connected  with  the 
manometer.  The  ganglion  was  caught  up  on  electrodes  hooked  in  between 
the  cardiac  branches,  and  was  stimulated  with  a  faradic  current.  The  result 
of  this  stimulation  upon  the  heart  in  the  presence  of  a  weak  percentage  of 
chloroform  is  almost  precisely  the  same  as  that  resulting  from  the  injection  of 
adrenalin,  i.e.,  the  ventricles  pass  from  a  condition  of  regular  rhythmic 
contraction  into  one  of  multiple  arhythmic  tachycardia  terminating  in 
ventricular  fibrillation  (Fig.  7  B).  The  onset  of  irregularities  and  of 
fibrillation  may  be  very  rapid,  the  latter  may  in  fact  occur  \nthin  seven 
seconds  from  the  commencement  of  the  stimulation,  but  it  is  more  frequently 
delayed  for  some  30  seconds. 
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Table  1. 


Xo. 

Pi'eparafion  of 

flilorofovm 
percentaLre 

Excitation 
Coil  at 

Left  Gannjlici) 
pxoitPd 

RiKtit  Ganglion  e.\citei1. 

]. 

Right 
ganglion 

0-5 

55  mm.* 

V.F 

2. 

Right 
ganglion. 

0-5 

100  mm. 

V.F. 

3. 

Right 
ganglion 
and  both 

IS 

93  mm. 

V.F.   of  3  seconds  duration. 

4. 

vagi  cut. 

Right 

ganglion. 

0-5 

93  mm. 

V.F. 

5. 

Right 
ganglion 

Oo 

100  mm. 

V.F. 

G. 

Right 
ganglion. 

0-5 

93  mm. 

Irregularities  onlj'. 

1 . 

Right 
ganglion. 

Uo 

93  mm. 

V.F.   of  2  seconds  duration 

8. 

Right 
ganghon. 

0-5 

93  mm. 

V.F. 

9. 

Right 

ganglion. 

10 

70  mm. 

V.F. 

lu. 

Right 
ganglion. 

0-5 

100  mm. 

Irregularities  only. 

11. 

Right  and 

left 

ganglia. 

0-5 

93  mm. 

Slow 
tachj'cardia 

Rapid  tachycardia. 

12. 

Right  and 

left 

ganglia. 

1-5 

55  mm. 

Xo  irregu- 
larity. 

V.F. 

13. 

Left 
ganglion. 

0-5 

55  mm. 

Slow  irregu- 
larities. 

14. 

Left 
ganglion. 

0-5 

100  mm. 

V.F. 

15. 

Left 
ganglion 

0-5 

75  mm. 

SUght 
irregularity. 

*  With  the  coil  at  95  mm.  the  cuirent  was  just  too  painful  to  be  applied  to  the  tongue. 

The  above  table  jji-ovides  an  abstract  of  the  whole  of  my  experiments 
upon  excitation  of  the  stellate  ganglia,  not  precisely  in  the  order  of  their 
performance,  but  grouped  for  purposes  of  tabulation.  In  many  of  them  a 
number  of  excitations  at  higher  percentages  of  vapour  preceded  those 
tabulated,  but  these  were  ineffectual  in  producing  ventricular  fibrillation. 

The  outstanding  feature  of  this  series  of  experiments  is  the  frequent 
incidence  of  ventricular  fibrillation  from  excitation  of  the  right  ganglion 
under  low  percentages  of  vapour.     In  Experiment  No.   12  the  percentage 
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indicated  was  1-5%,  but  the  animal  was  only  moderately  anaesthetised.  In 
Experiment  No.  3  fibrillation  was  obtained  at  l-S%,  the  animal  being 
apparently  well  under  the  anaesthetic,  but  in  this  case  the  vagi  had  been 
previously  severed,  a  factor  which  must  be  taken  into  account.  This  heart 
recovered  in  three  seconds.  In  all  other  instances  on  stimulation  of  the 
right  ganglion  at  2%  or  thereabouts,  the  heart  either  remained  regular,  or, 
as  \\as  more  frequently  the  case,  assumed  a  condition  of  a  rapid  irregular 
tachycardia,  with  possibly  a  mere  flicker  of  fibrillation,  but  never  coming  to  a 
comjjlete  standstill  (Fig.  7  A). 


^^^^^^j^vm^i^^'-'*^'^''*^^ 


U) 


\A,YjwV^M' 


,^VvNyvvAAW//^V.VAA«vNJ^«|^^^ 


(B) 


fA^JWM\^^WM^NW'WlWJ#^^ 


(C) 
Fig.  7.  Excitation  of  a  stellate  ganglion  under  chloroform,  all  nenous  connections  of  the 
ganglion,  with  the  exception  of  the  cardiac  branches,  having  been  cut.  The  tracings  were 
not  taken  from  the  same  individual.  Hurtle  manometer.  The  signal  line  serves  aa  abscissa 
in  each  case.  The  excitation  was  faradic,  with  the  coil  at  95  mm.  Time  marked  in  seconds. 
.4.  Right  ganghon  excited  imder  2%  chloroform.  A  multiple  tachycardia  is  induced 
but  the  ventricles  do  not  fibrillate. 

B.  Right  ganghon  excited  under  Oo'^o  chloroform.     A  simileir  tachycardia  is  produced 
but  terminating  in  ventricular  fibrillation  in  37  seconds. 

The  gaps  in  the  signal  mark  are  due  to  temporary  failure  of  the  interrupter. 

C.  Left  gEuighon  excited  under  0-5%  chloroform.     A  tachycardia  is  induced,  but  it 
is  of  a  less  intense  tj-pe  than  that  seen  on  excitation  of  the  right  ganglion. 

The  result  of  stimulation  of  the  left  ganghon  is  dissimilar — rapid 
irregularities  are  seldom  seen  from  this  side,  and  the  curve  shown  in  Fig.  7  C 
is  typical  of  the  result  Avhich  is  generall}'  obtained.*  In  experiment  No.  14 
alone  %vas  fibrillation  produced,  the  heart  in  this  case  being  very  irregular 
before  the  excitation  was  made. 


*  Possibly  this  difference  is  subject  to  a  purely  anatomical  explanation,  for  the  left  stellate 
ganglion  is  smaller  than  that  on  the  right  side  ir.  the  cat. 
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Experiment  No.  3  may  be  specially  cited  as  showing  that  the  stimulation 
of  the  heart  through  the  accelerator  nerves  exercises  its  effect  upon  the 
chloroformed  heart  through  its  own  influence  alone  and  independently  of  any 
relation  to  a  concurrent  vagus  tonus  ;  in  fact  the  previous  removal  of  vagal 
influence  appears  to  favour  the  onset  of  ventricular  fibrillation  at  a  higher 
grade  of  chloroform  anaesthesia  than  is  usual.  The  details  of  this  experiment 
are  as  follows  : — 

Table  II. 


Chloroform. 

Pulse 
Rate. 

Remarks. 

2% 

2% 

1-8% 

Vagi  cut. 

Stimulation  to 
right  stellate, 
coil  at   100  mm. 

84 
180 
320 

Beat  regular. 

Beat  regular. 

Tachycardia    culininating    in    V.F.    of 
3  seconds"  duration. 

Many  workers  have  sought  to  obtain  ventricular  fibrillation  through 
accelerator  action.  Of  these  the  most  successful,  hitherto,  have  been 
Rothberger  and  Winterberg,'-^  who  obtained  abnormal  beats,  in  dogs 
subjected  to  the  narcotic  influence  of  morphia  and  curari,  by  combined  vagal 
and  accelerator  stimulations,  and  in  rare  instances  they  obtained  ventricular 
fibrillation.  In  a  further  series  of  experiments  on  dogs  under  ether,  and 
further  submitted  to  the  influence  of  moderate  doses  of  barium  chloride,  they 
invariably  obtained  complex  ventricular  tachycardias  on  stimulating  the 
left  accelerators,  but  they  do  not  appear  to  have  attained  any  greater  measure 
of  success  in  respect  of  producing  ventricular  fibrillation  in  this  series  than 
they  did  in  their  former  series. 

The  action  of  chloroform,  described  above,  of  rendering  the  heart 
irritable  and  causing  it  to  react  in  an  abnormal  fashion  to  accelerator  influences 
is  thus  far  unique  in  respect  of  its  potency. 

III.     Cardiac   effects   arising   as   a   reflex   from   sensory 

STIMULATION, 

Bearing  in  mind  the  foregoing  demonstration  of  ventricular  tachycardias 
and  fibrillation  excited  through  the  agency  of  the  accelerator  nerves,  it  might 
be  anticipated  that  similar  effects  would  be  induced  through  reflex  mechanisms 
by  the  excitation  of  sensory  nerves  ;  as  a  matter  of  fact,  every  cardiac  effect 
previously  described  may  be  reproduced  in  such  a  manner.  The  heart 
responds  very  readily  to  sensory  stimuli  by  passing  into  an  irregular  condition 
just  as  it  does  under  the  influence  of  adrenalin  or  of  accelerator  excitation  ; 
and  in  just  the  same  way  the  reaction  is  modified  by  the  depth  of  the 
anaesthesia.  At  2%  or  over  the  onset  of  irregularities  is  uncertain,  and  if  they 
do  appear  they  may  exhibit  various  degrees  of  intensity,  but  they  never 
pass  into  ventricular  fibrillation.     Under  lighter  degrees  of  anaesthesia,  1% 
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Fig.  8.  Hiirtle  curve  showing  tachycardia  and  subsequent  V.F.  induced  by  cutting  a  sciatic 
nerve.  The  first  part  of  the  tracing  shows  a  regular  slow  beat  (bigeminal  ?)  occurring  imder 
a  moderate  degree  of  anaesthesia,  percentage  not  measured.  The  sciatic  nerve  was  cut  with 
a  pair  of  scissors,  whilst  the  drum  was  stationary,  at  the  vertical  line.  The  mechanical 
excitation  caused  a  reflex  stimulation  of  the  heart  and  the  consequent  onset  of  an  irregular 
tachycardia.  The  chloroform  was  removed  at  the  arrow  mark,  and  30  seconds  after  this 
the  blood -pressure  fell  from  150  mm.  to  zero  as  the  result  of  ventricular  fibrillation.  The 
blood-pressure  during  the  regular  beat  was  114  mm.,  the  lowest  pressure  during  the  experiment, 
showing  that  tiie  heart  was  not  at  any  time  miduly  depressed  by  chloroform.  The  blood- 
pressure  was  registered  as  usual  by  simultaneous  Ludwig  records  (not  shown).  The  undula- 
tions seen  at  the  end  of  the  curve  after  fibrillation  were  caused  by  the  terminal  asphyxial 
gasps.  The  numbers  above  the  curve  represent  the  rate  of  heart  beat  per  minute.  Time 
marked  in  seconds. 


Fig.  8a.  Hiirtle  curve  showing  the  transition  from  a  regular  to  an  irregular  beat  arising  from 
cutting  a  sciatic  nerve  with  a  pair  of  scissors.  The  signal  mark  indicates  the  moment  of 
section.  The  signal  hne  represents  the  Hiirtle  abscissa.  Time  in  seconds.  Rate  of 
kymograph  increased  to  analyse  irregularities. 


Fig.  9.  Ludwig  ciu-ve  showing  the  reflex  cardiac  effect  of  applying  ammonia  vapour  to  the 
nostrils  of  a  cat  not  long  under  chloroform.  Strength  of  chloroform  vapour  =  1%. 
The  time  Ime  has  been  raised  to  the  75  mm   level.     Time  marked  in  seconds. 
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or  under,  tlie  irregularities  occur  with  great  constancy  and  may  present  forms 
of  the  most  intense  description.  The  modifying  influence  of  the  depth  of 
anaesthesia  is  ilkistrated  in  Fig.  15  in  curves  a  and  b.  (Although  the 
preparation  of  this  animal  was  unusual,  the  curves  may  be  taken  as  fairly 
representative.) 

The  irregularities  thus  produced  may,  and  generally  do,  disappear 
sooner  or  later  on  the  cessation  of  the  stimulation,  or  being  once  started  they 
may  persist  almost  indefinitely  and  even  sometimes  be  intractable  to  control 
through  increasing  the  percentage  of  chloroform  ;  or  they  may  culminate  in 
ventricular  fibrillation  if  the  anaesthesia  be  sufficiently  light. 

Fig.  8  and  10  illustrate  the  onset  of  ventricular  fibrillation  resulting 
from  the  mechanical  stimulus  of  cutting  the  sciatic  nerve  with  a  pair  of 
scissors,  and  Fig.  8a  shows  the  transition  from  a  regular  beat  to  an  irregular 
tachycardia  from  the  same  exciting  cause. 

The  form  of  excitation  adopted  in  most  cases  was  that  of  faradic 
stimulation  as  lending  itself  to  purposes  of  exact  comparison,  but  in  a  fresh 
nerve  mechanical  excitation  such  as  that  of  cutting  or  crushing,  or  even 
merely  cleaning  the  nerve  trunk,  is  even  more  active  in  the  production  of 
irregularities.  It  is  not  even  necessary  to  resort  to  such  severe  measures,  for 
excitation  of  sensory  nerve  endings  such  as  may  result  from  cutting  the  skin, 
or  from  applying  an  irritant,  such  as  ammonia,  to  the  nostrils,  will  often 
produce  a  similar  result  (Fig.  9). 

It  is  evident,  for  these  reasons,  that  all  the  preliminary  preparations  for 
an  experiment  such  as  exposure  of  the  artery  for  connection  with  the 
manometer  must  be  performed  under  a  well-established  chloroform 
anaesthesia,  otherwise  reflex  irregularities  are  set  up,  which  may  be  very 
persistent,  and  are  generally  undesirable. 

The  onset  of  the  irregularities  is  frequently  somewhat  delayed  as 
compared  with  the  reaction  time  in  the  case  of  direct  accelerator  stimulation 
(although  by  no  means  invariably  so),  and  it  is  a  further  very  notable  fact  that 
after  several  consecutive  stimulations,  the  reflex  becomes  obscured  or  even 
totally  abohshed  ;  even  when  the  later  stimulations  are  applied  to  another 
and  fresh  nerve  this  fatigue  is  still  much  more  noticeable  than  that  which 
sometimes  follows  consecutive  stimulations  of  the  stellate  ganglia.  These 
facts  are  no  doubt  the  outcome  of  a  depression  of  the  activity  of  the  reflex 
centres  through  the  influence  of  the  anaesthetic.  Under  these  more  involved 
conditions  it  is  not  surprising  that  the  most  intense  form  of  ventricular 
irregularity,  i.e.,  fibrillation,  does  not  occur  with  any  approach  to  the  same 
frequency  that  it  does  as  a  result  of  a  more  direct  stimulation  of  the  heart, 
and  that  in  fact  its  occurrence  is  a  comparatively  exceptional  event.  Thus 
out  of  my  first  series  of  some  forty  animals  I  only  obtained  ventricular 
fibrillation  in  six  cases,  and  that  not  always  as  a  permanent  condition.  These 
cases  were  as  follows  : — 

1.  Permanent  V.  F.  resulted  from  pinching  the  central  end  of  a  sciatic  nerve  after  the 
ceseation  of  chloroform  inhalation  and  27  seconds  from  the  commencement  of  excitation.  The 
animal  was  still  fairly  under  the  influence  of  the  anaesthetic  when  the  nerve  was  excited  and 
evinced  no  muscular  reflex  ;   the  heart  was  exhibiting  irregularities  previously  to  stimulation. 
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2.  (Fig.  10).  In  this  animal  both  vagi  were  divided  and  the  heart  was  in  a  stat«  of  persistent 
rapid  tachycardia  which  had  been  originated  by  the  act  of  cleaning  the  sciatic  nerve.  The 
chloroform  (1%)  was  taken  off  and  the  left  sciatic  nerve  was  cut.  In  32  seconds  the  ventricles 
fibrillated  for  3  seconds  and  then  recovered.  Later  0-5%  was  administered  and  the  sciatic 
stimulated  with  a  faradic  current ;  complete  V.  F.  ensued  within  ten  seconds  of  the  commencement 
of  the  excitation. 

3.  Faradic  excitation  of  a  sciatic  nerve  vmder  light  anaesthesia,  the  heart  beating  regularly. 
An  irregular  tachycardia  was  produced  passing  in  13  seconds  into  V.  F.  of  about  1  second  duration. 

4.  Permanent  V.  F.  produced  by  a  prolonged  faradic  excitation  (about  two  minutes)  of  a 
sciatic  nerve.  The  heart  beat  was  regular  just  previous  to  excitation.  Artificial  respiration 
with  0-5%  chloroform. 

5.  Faradic  excitation  to  a  sciatic  nerve  ^u^de^  1  %  chloroform,  the  heart  beat  being  previously 
irregular.     V.  F.  followed  in  10  seconds.     Recovery  ensued  after  6  seconds  of  fibrillation. 

6.  (Fig.  11).  Faradic  stimulation  to  a  median  nerve  under  Oo°o  chloroform.  The  heart 
was  irregular  as  a  result  of  previous  stimulations.  Complete  V.  F.,  which  persisted  for  about 
60  seconds  and  was  followed  by  recovery  and  again  a  further  and  final  relapse. 

In  another  and  later  series  of  eight  animals  the  sciatic  nerve  was  in  four 
cases  stimulated  both  before  and  after  cutting  the  vagi,  in  the  remaining  four 
the  vagi  being  left  intact  throughout.  I  obtained  complete  ventricular 
fibrillation  with  uncut  vagi  in  one  case,  and  in  one  other  case  with  cut  vagi. 
In  both  cases  the  heart  was  irregular  before  stimulation  and  in  both  the 
chloroform  was  of  0-5%  strength. 

The  operation  for  exposure  of  the  splanchnic  nerves  in  the  lumbar 
region  is  somewhat  more  severe  than  that  for  exposure  of  the  sciatics,  yet 
these  nerves  appear  to  be  very  sensitive  in  some  individuals,  and  I  obtained 
the  high  proportion  of  two  cases  of  permanent  V.F.  out  of  a  series  of  five 
animals  in  which  the  central  end  of  a  cut  splanchnic  nerve  was  excited  by 
the  faradic  current.  In  both  cases  the  heart  was  exhibiting  irregularities 
before  the  nerve  was  stimulated,  the  chloroform  in  the  one  case  being  0-8% 
and  in  the  other  10%,  in  both  cases  anaesthesia  was  particularly  well 
established,  and  there  was  no  trace  of  spasmodic  muscular  reflex. 

It  may  be  inferred  from  the  foregoing  cases  that  ventricular  fibrillation 
is  more  liable  to  occur  if  the  faradic  excitation  is  apphed  at  a  time  when  the 
heart  is  already  exhibiting  irregularities.  I  think  this  may  be  more  generally 
the  case  ;  I  have  seen  death  occur  with  remarkable  rapidity  in  several 
instances  upon  simply  picking  up  a  nerve  for  the  purpose  of  placing  it  upon 
the  electrodes,  the  heart  being  irregular  at  the  moment,  but  of  these  instances 
I  do  not  possess  tracings. 

In  two  of  the  foregoing  ten  cases  of  fibrillation,  both  the  vagi  had  been 
previously  divided — this  is  an  important  observation  for  two  reasons  : 
(1)  it  totally  disposes  of  any  suggestion  that  these  effects  are  in  any  way 
connected  with  a  reflex  stimulation  of  the  vagus  centre  ;  (2)  it  disposes  of 
any  suggestion  that  the  results  may  be  connected  with  reflex  inhibition  of  the 
vagal  tonus.  Whether  reflex  fibrillation  is  favoured  by  thus  cutting  out 
vagal  influence  I  have  not  sufficient  statistics  from  the  foregoing  experiments 
to  show,  but  there  is  some  reason,  as  will  appear  from  subsequent  experiment 
and  considerations,  to  believe  that  it  does  so.* 


*  Garrey'^  is  strongly  impressed  with  the  view  that  vagus  excitation  tends  to  oppose  the  onset 
of  fibrillation  as  a  resxilt  of  faradisation  of  the  ventricles. 
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(a)      The  paths  of  action  of  sensory  reflexes. 

Many  of  the  foregoing  experiments  were  originally  performed  with  a  view 
to   investigating    a    presumed    relationship    between    the    onset    of   cardiac 


Fig.  12.  Ventricular  fibrillation  caused  by  stimulation  of  a  sciatic  nerve  in  a  cat  in  which  both 
stellate  ganglia  had  been  extirpated  six  weeks  previously.  Chloroform  1  %.  Coil  at  60  mm. 
The  heart  before  excitation  was  regular,  but  rapid  as  a  result  of  previous  section  of  the  vagi 
(rate  240  per  minute).  An  irregular  tachycardia  appears  within  two  seconds  of  the  beginning 
of  excitation  and  terminates  in  V.F.  about  foiu*  seconds  after  the  cessation  of  the  excitation. 
Blood -pressure  just  before  V.F.  —  14G  mm.  The  numbers  above  the  curve  denote  heart 
rate.     Hiirtle  manometer.     Time  in  seconds. 


Fig.  1.3.  Ludwig  curve  showing  the  result  of  stimulating  the  peripheral  end  of  a  cut  splanchnic 
nerve  under  1  -2%  chloroform.  The  blood -pressure  rises  abruptly  as  a  result  of  vasoconstriction 
in  the  splanchnic  area  and  partly  as  a  result  of  secretory  stimulation  of  the  suprarenal  body. 
In  the  first  part  of  the  rise  the  regularity  of  the  heart  beat  is  unaffected.  The  adrenalin 
effect  commences  as  a  series  of  single  extrasystoles,  which  passes  into  a  multiple  tachycardia 
and  temporary  periods  of  V.F.  This  cat  had  previously  received  a  dose  of  01 3  mgms. 
of  atropin  sulphate  (intravenous).  The  vertical  scale  indicates  blood -pressure  levels.  Time 
marked  in  seconds. 

irregularities  and  raised  intra-cardiac  tension  dependent  upon  reflex  vaso- 
constriction. The  rise  of  blood-pressure  resulting  from  sensory  excitation 
is  not  very  great  under  chloroform,  but  it  is  nevertheless  generally  quite 
evident.     When  I   became  aware  of  the  action  of  the  accelerator  nerves  I 
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sought  further  to  test  the  influence  of  a  raised  intraeardiac  tension  by 
severing  the  cardiac  branches  of  both  the  stellate  gangha  and  thus  exclude 
reflex  accelerator  action.  In  an  experiment  of  this  description  the  sciatic 
nerve  was  cut  under  1%  chloroform,  the  act  of  section  causing  the  heart  to 
pass  from  a  regular  to  a  bigeminal  beat  resulting  from  extrasystoles.  The 
sciatic  was  then  stimulated,  and  in  24  seconds  the  blood  pressure  having 
risen  from  114  mm.  to  134  mm.,  the  bigeminal  beat  suddenly  passed  into  an 
irregular  tachycardia  of  240  beats  per  minute  with  a  fall  of  pressure  to  its 
earher  level. 

This  result  was  so  suggestive  that,  in  order  to  confirm  it,  I  next  undertook 
a  series  of  experiments  in  which,  for  the  purpose  of  excluding  all  possibility 
of  accelerator  action,  both  stellate  ganglia  were  completely  excised,  the 
animals  being  allowed  to  survive  and  the  final  experiments  performed  some 
weeks  afterwards  when  the  cats  had  fullv  recovered  from  the  effects  of  the 
operation. 

Seven  experiments  of  this  kind  were  performed.  In  the  final  observations 
one  of  the  hearts  was  exhibiting  persistent  irregularities  from  the  commence- 
ment which  could  not  be  controlled  and  hence  no  satisfactory  observations 
could  be  made.  In  one  other  a  very  few  isolated  extrasystoles  only  could 
be  induced,  but  in  the  remaining  five  cats  typical  irregular  conditions  of  the 
heart  were  produced  by  sciatic  stimulation.     Thus  for  instance  : — 

Xo.  4.  Stellate  ganglia  extirpated  three  weeks  previously.  l'9°o  chloroform.  Cutting 
right  sciatic  excited  a  few  bigeminal  beats.  Heart  then  became  regular  at  120  beats  per  minute. 
Sciatic  stimulation,  witli  coil  at  70  mm.  caused  acceleration  of  the  beat,  the  first  extrasystole 
appearing  5  seconds  from  the  commencement  of  stimulation  ;  an  irregular  tachycardia  of  270 
beats  per  minute  then  appeared. 

Xo.  7.  Stellate  ganglia  extirpated  six  weeks  previously.  The  sciatic  nerve  was  stimulated 
under  l°o  chloroform,  which  occasioned  the  onset  of  reflex  irregularities,  and  these  passed  into 
ventricular  fibrillation  {Fig.  12)  four  seconds  after  cessation  of  the  stimulation.  The  vagi  had 
been  pre\'iously  cut. 

These  results  appeared  to  afford  evidence  that  a  pressor  action  was  indeed 
an  exciting  cause  of  ventricular  irregularities  under  chloroform,  and  such  a 
view  was  in  conformity  with  observations  I  had  previously  made  that 
excitation  of  the  peripheral  end  of  a  cut  splanchnic  nerve  in  intact  animals 
would  throw  the  ventricles  into  a  tachj^cardial  condition  ;  in  a  single  instance 
only  did  I  observe  fibrillation  and  that  was  of  momentary  duration  only 
(Fig.  13)  ;  in  these  experiments  there  was  no  apparent  source  of  reflex 
excitation  of  the  heart  through  the  accelerator  nerves. 

A  complete  explanation  of  these  phenomena  may  be  offered,  however, 
quite  apart  from  blood-jDressure  changes.  The  explanation  is  one  which 
suggested  itself  as  a  possible  cause  of  cardiac  irregularities  under  chloroform 
when  I  first  discovered  the  adrenahn  reaction,  but  at  the  time  I  knew  of 
nothing  to  support  it.  Since  then  papers  have  appeared  by  Cannon  and 
de  la  Paz  3  on  the  secretion  of  adrenalin  in  strong  emotional  states,  and  by 
Elliott,^  who  has  fully  confirmed  the  fact  that  there  exists  a  nervous  control 
of  the  suprarenal  secretion.     This  fact  has  evidently  in  the  past  given  rise 
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to  some  confusion  in  physiological  conclusions  especially  in  relation  to 
cardiac  acceleration  {cj.  von  Anrep^^)  and  it  had  to  be  taken  into 
consideration  in  relation  to  the  matter  under  investigation,  for  the  possibility 
had  to  be  considered  of  adrenalin  being  secreted  through  a  reflex  nervous 
agency  in  sufficient  quantity  to  determine  abnormal  ventricular  contractions. 
To  test  this  matter  further  the  following  experiment  was  performed  : — 

Experiment,  23  8/12.     Cat.     Stellate  ganglia  excised  five  weeks  previously. 

Both  splancluiic  nerves  exposed  in  the  thorax  under  artificial  respiration  with  chloroform. 
The  nerves  were  cut  and  the  peripheral  ends  ligatiu"ed  separately.  The  left  suprarenal  gland  was 
then  excised  by  the  lumbar  route  of  operation.  The  peripheral  ends  of  the  splanchnic  nerves 
were  stimulated  alternately  with  the  same  strength  of  faradic  current  (coil  at  3,000  Kronecker, 
6-4  volts  current). 

The  following  table  gives  an  account  of  the  consecutive  procedures. 

Table  III. 


splanchnic 
Stinmiation 

Pulse 

Rat<? 

Chloroform 

before 
stimulation 

after 
stimulation 

Heart  rhj-thni. 

0-6% 

Left 

120 

120 

Regtilar  before  and  after  stimulation. 

0-6% 

Right 

120 

180 

Regular  before,  irregular  after  stimu- 
lation. 

o&% 

Right 

120 

240 

Regular  before,  irregular  after  stimu- 
lation. 

0-8% 

Right  suprs 

irenal  excisec 

i. 

0-8% 

Left 

150 

150 

Regular  before  and  after  stimulation. 

0-8% 

Right 

13.-) 

135 

Regular  before  and  after  stimulation. 

This  experiment  is  illustrated  in  Fig.  14  ;  it  affords  evidence  that  a 
nervous  influence  will  stimulate  a  suprarenal  body  to  secrete  sufficient 
adrenalin  to  excite  a  typical  ventricular  tachycardia  under  chloroform. 
The  occurrence  of  irregularities  in  an  animal  subjected  to  such  extensive 
dissection  is  especially  significant,  and  it  may  be  taken  therefore  as  certain 
that  the  irregularities  previously  observed  on  stimulation  of  the  peripheral 
end  of  a  cut  splanchnic  nerve  were  in  reality  conditioned  by  the  enhanced 
secretory  activity  of  the  suprarenal  bodies,  and  that  it  is  unnecessary  to 
consider  the  co-existing  pressor  effect  in  this  relation.  So  also  an  explanation 
is  afforded  of  the  reflex  cardiac  reaction  from  sensory  stimulation  in  animals 
deprived  of  their  stellate  ganglia  ;  the  reaction  cannot  be  a  direct  reflex 
nervous  action  on  the  heart,  but  the  heart  is  affected  through  the  extra 
adrenalin  secreted  by  reason  of  the  reflex  sympathetic  stimulation  of  the 
suprarenal  bodies.  This  reflex  secretory  effect  has  been  directly  demon- 
strated in  other  ways  by  Elliott  and  by  von  Anrep. 

Having  established  the  foregoing  point  it  became  necessary  to 
re-investigate  the  function  of  the  accelerator  mechanism  when  excited  by 
sensory  excitation  after  excluding  the  adjuvant  action  of  suprarenal  secretion. 
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Attempts  Avere  made   to  isolate   the  suprarenal  bodies  from   nervous 
influences  by  severing  their  sjilanchnic  nerve  supply,  but,  as  I  was  never  quite 
satisfied  that  all  the  sympathetic  connections  were  dealt  with,  I  preferred 
to  rely  only  on  experiments  in  which  both  glands  had  been  extirpated. 
Five  experiments  were  performed  in  which  both  glands  were  removed  ;  in 
two  of  these  excitation  of  the  sciatic  nerve,  both  by  cutting  and  by  faradic 
excitation,  produced  ventricular  irregularity  of  a  moderately  high  grade,  the 
highest  pulse  rates  noted  being  240  and  270  respectively.     In  the  three  other 
cats  the  splanchnic  nerve  was  stimulated  in  continuity  ;    in  one  very  little 
change  in  the  beat  was  produced,  in  the  second  the  heart  was  exhibiting  a 
tachycardia  from  the  commencement  and  hence  the  results  were  obscured  ; 
in  the  third  cat  the  heart  was  likewise  irregular  from  the  first,  and  in  this  case 
a   strong  splanchnic  stimulation  (coil  at  30  mm.)  sent  up  the  rate  of  beat 
from  225  to  300  per  min.  and  caused  permanent  ventricular  fibrillation  in 
20  seconds. 

In  order  to  avoid  the  fatigue  and  shock  of  the  double  operation,  in  one 
other  cat  the  right  suprarenal  a\  as  previously  extirpated,  the  left  gland  alone 
being  removed  at  the  time  of  the  experiment.  This  experiment  is  illustrated 
in  Fig.  15  and  described  as  follows  : — 

Experiment,  18/1/1.3.     Left  suprarenal  extirpated  on  3/1/13.     Right  suprarenal  excised  and 
right  sciatic  cut  under  1-7%  chloroform.  y 


Table  IV. 


Chloroform. 

Stimulation 

rOIL    AT 

Hkart  Beat 

BEFORE    STIMULATION. 

AFTER    STIMULATION. 

1-7% 

f)0  mm. 

130  per  min.,  regular 

140  per  min.,  regular. 

0-5% 

90  mm. 

180  per  min.,  regular 

280  per  min.,  irregular. 

0-5% 

50  mm. 

240  per  min.,  irregular 

300  per  min.,  V.F.  in  20 
seconds. 

It  is  thus  certain  that  all  the  reflex  cardiac  effects  produced  in  the  intact 
animal  by  sensory  stimulation  may  be  reproduced  in  an  animal  deprived  of  its 
suprarenal  glands,  that  is  to  say,  the  reflex  is  equally  active  apart  from  any 
adjuvant  secretory  activity  of  the  suprarenal  glands.  Thus,  in  the  absence 
of  any  other  unrecognised  factor,  sensory  stimulations  under  chloroform 
may  be  said  to  effect  the  onset  of  cardiac  irregularities  by  a  dual  agency  ; 
i.e.  (1)  by  reflex  stimulation  of  the  heart  through  the  cardiac  nerves,  (2)  by 
reflex  stimulation  of  the  suprarenal  glands.  Possibly  both  of  these  factors  are 
capable  of  producing  ventricular  fibrillation  individually,  and  it  is  difficult 
to  say  which  plays  the  greater  part  ;  it  is  known,  however,  that  direct 
excitation  of  the  cardiac  nerves  is  far  more  potent  in  this  respect  than 
stimulation  of  the  splanchnic  nerves,  and  it  may  be  inferred  therefore  that  the 
former  is  the  more  frequent  actual  determining  cause  of  complete  ventricular 
fibrillation  from  reflex  stimuli. 
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If  sensory-cardiac  reflexes  under  chloroform  operate  along  these  two 
paths  alone,  then  no  irregularities  should  appear  on  exciting  a  sensory  nerve  in 
eats  in  which  both  accelerator  and  suprarenal  influences  have  been  excluded. 
Such  experiments  have  been  attempted,  but  present  considerable  technical 
difficulties  ;  in  the  first  place  the  stellate  ganglia  must  be  excised  and  the 
animals  allowed  to  recover  ;  at  a  subsequent  operation  the  suprarenal 
influence  is  cut  off,  and  the  animal  again  allowed  to  recover.  When  quite 
strong  again,  the  experiment  is  performed.  In  one  series  of  experiments  of 
this  nature  I  severed  the  splanchnic  nerves  on  both  sides  at  the  second 
operation,    and    any    obvious    and    accessible    supplementary    rami    of   the 
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Fig.    14.      X    %.     Stimulation  of  the  peripheral  ends  of  cut  splanchnic  nerves. 
Kronecker,  5-4  volts.     Hiirtle  manometer. 


Coil  at  .3,000 


The 


A.  Chloroform  Oo%.     Left  suprarenal    extirpated,  left  .splanchnic  stimulated, 
blood -pressure  rises  from  va.soconstriction,  but  the  heart  beat  is  unaffected. 

B.  Chloroform  0-5%.  Right  suprarenal  in  situ,  right  splanchnic  stimulated.  The 
heart  passes  into  an  irregular  tachycardia  from  increased  secretory  activity  of  the  right 
suprarenal  bodj'. 

C.  Chloroform  0-8%.  Right  suprarenal  extirpated,  stimulation  of  the  right  splanchnic 
nerve.  As  in  curve  (a)  the  heart  is  now  unaffected.  The  signal  line  in  each  case  adjiLsted  as 
abscissa.  Time  marked  in  seconds.  The  numbers  above  the  curves  indicate  rate  of  heart 
beat.  The  splanchnic  nerves  had  been  exposed  in  the  thorax  and  the  respiration  maintained 
by  artificial  means. 

sympathetic  system  passing  to  the  semilunar  ganglia  or  suprarenals.  In 
nearly  all  these  experiments  I  obtained  an  actively  irregular  condition  of  the 
heart  from  sensory  stimulations,  but,  as  I  have  already  ob.served,  such  a 
method  of  isolating  the  suprarenals  is  unsatisfactory — in  fact,  I  invariably 
found  at  the  post-motiem  examination  some  accessory  fibres  which  came  off 
below  the  splanchnics,  or  even  a  splanchnic  branch,  remaining  uncut  ;  in 
view  of  the  extensive  nervous  plexus  (Reighard  and  Jennings^^)  around  the 
suprarenals  the  possibility  of  a  reflex  secretory  effect  could  not  be  excluded 
with  certainty. 
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In  two  further  cats,  therefore,  I  adopted  the  method  of  excising  the 
suprarenals  themselves  ;  this  was  done  in  two  stages,  as  described  in  a  former 
relation,  and  in  both  these  instances  distinct  acceleration  and  irregularities 
were  caused  by  stimulations  of  a  sciatic  nerve,  and  this  both  before  and  after 
section  of  the  vagi.  In  both  of  these  cases,  however,  groups  of  ganghon 
cells  were  subsequently  found  in  the  regenerated  tissues  at  the  seat  of  the 
operation  for  excision  of  the  stellate  ganglia,  and  in  view  of  this  fact  I  think 
it  is  inadvisable  to  draw  any  definite  conclusions  or  even  to  discuss  these 
experiments  until  they  have  been  more  completely  confirmed  or  negatived.* 

Apart  from  all  theoretical  consideration  of  these  lines  of  action  a  matter 
of  outstanding  practical  importance  has  been  conclusively  demonstrated  in 
this  section,  viz.,  that  a  sensory  stimulation  under  light  chloroform  ancesthesia 
may,  through  one  or  more  reflex  mechanisms,  throiu  the  ventricles  of  the  heart 
into  a  condition  of  permanent  and  fatal  fibrillation,  or  may  initiate  irregularities 
ivhich  may  terminate  later  in  ventricular  fibrillation.  Under  fully  established 
chloroform  ancesthesia  such  an  event  never  happens. 

(b)     Reflex  cardiac  syncope  in  the  chloroformed  human  subject. 

It  cannot  be  doubted  that  a  similar  reaction  to  that  described  above  may 
occur  in  the  human  subject.  The  adrenalin  tachycardias  and  death  occur  in 
the  chloroformed  human  subject,  and  there  is  no  reason  to  question  that  man 
is  similarly  sensitive  to  sensory  stimulations.  The  annals  of  fatalities  under 
chloroform  teem  with  references  to  sudden  and  fatal  syncope  on  the  first  touch 
of  the  surgeon's  knife  or  during  the  earliest  stages  of  an  operation,  just  as  the 
more  intense  effects  are  more  readily  obtained  experimentally  in  recently 
anaesthetised  and  vigorous  animals.  A  large  proportion  of  these  fatalities 
occur  in  the  course  of  trivial  operations  under  chloroform  in  which,  to  save 
unnecessary  subsequent  discomfort,  the  minimum  amount  of  chloroform  is 
administered. 

Unfortunately  there  are  few  absolutely  precise  records  of  the  events 
accompanying  death  under  chloroform  in  man  ;  naturally  this  is  not  a  fitting 
moment  for  making  scientific  notes  of  pulse  and  respiration,  and  accounts 
written  subsequently  are  generally  confused,  especially  in  regard  to  the 
time  relation  of  events.  Here  and  there,  however,  clear  descriptions  may  be 
found  ;  to  illustrate  my  point  I  will  confine  myself  to  a  single  striking  case 
described  by  Dr.  Alex.  Wilson,  Senior  Anaesthetist  to  the  Manchester  Royal 
Infirmary  : — 

CASE  6.  The  patient,  a  girl  of  fifteen  years  of  age,  was  operated  on  for  genu  valgum  by 
Macewen's  method.  Chloroform  was  given  on  lint ;  she  took  it  well,  the  operation  was  performed, 
and  the  splint  in  process  of  being  put  on.  At  this  stage,  under  the  impression  that  all  painful 
operative  procedvires  were  completed,  the  anaesthetic  was  discontinued.  The  patient  was  then 
breathing  quietly  ;  she  had  a  good  pulse  and  norm_al  colour  ;  the  pupils  were  slightly  contracted, 
and  the  corneal  reflex  was  present — in  fact,  she  was  coming  out  of  the  anaesthetic,  but  was 
sufficiently  insensible  to  bear  ordinary  manipulations  or  even  incisions    tvithout  feeling  pain,  and 

*  The  possibility  of  a  reflex  stimulation  of  the  pituitary  body  may  be  taken  into  consideration  ; 
for  the  extract  of  this  gland  is  capable  of  exciting  ventricular  irregularities. 
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was  as  well  as  anyone  could  wish  her  to  be.  At  this  instant  the  surgeon  suddenly  forcibly  flexed 
the  left  knee,  which  was  stiff  owing  to  osteotomy  having  Ijeen  performed  on  that  side  a  few  weeks 
pre\-iously.  The  adhesions  gave  way  easily  %vith  a  crunching  sound,  and  the  patient  uttered  a 
scarcely  articulate  cry,  immediately  became  deadly  pale,  and  l>egan  to  breathe  deeply.  She 
passedat  once  into  the  following  condition  :  The  head  was  timied  to  one  side,  the  face  was  deadly 
pale,  the  eyes  were  shghtly  open,  the  pupils  were  widely  dilated,  and  she  was  taking  deep 
inspirations,  the  air  passing  freely  into  the  chest  ;  the  muscles  of  the  alae  nasi  were  also  acting, 
and  the  pulse  was  imperceptible  at  the  %^Tist.  The  symptoms  conveyed  the  impression  that  she 
had  fainted.  To  drop  the  head,  elevate  the  Umbs,  and  apply  hot  sponges,  &c.,  were  the  work 
of  a  moment.  She  contiimed  to  make  strong  respiratory  efforts,  and  air  was  freely  entering  the 
lungs,  but  there  was  still  no  sign  of  the  radial  pulse.  It  appeared  at  first  that  the  patient  would 
probably  recover — it  seemed  impossible  that  she  could  die  with  such  active  respiration  ;  but 
the  breathing,  without  shading  off  in  the  least,  suddenly  ceased,  and  everj-  effort  to  restore  life 
failed.     {Lancet,  1894,  ii,  1U8.) 

I  have  selected  this  illustration  because  it  serves  as  a  "  type  "  case  of 
ventricular  fibrillation  under  chloroform  from  a  reflex  cardiac  stimulation, 
corresponding  in  all  essential  details  to  those  accompanying  a  death  from 
cardiac  stimulation  by  adrenaUn  in  man  and  to  those  reflex  syncopes  observed 
and  described  by  me  in  animals.  The  essential  features  are  very  graphically 
portrayed,  viz.,  the  hght  anaesthesia,  the  sensory  stimulation,  the  sudden  and 
complete  heart  failure,  the  continued  and  deepened  respirations  and  the 
ultimate  respiratory  failure.  It  is  not  in  every  case  of  death  from  ventricular 
fibrillation  that  the  attendant  conditions  are  so  well  defined,  or  at  least  so 
carefully  observed,  and,  in  fact,  under  special  conditions  the  special  features 
are  in  some  degree  modified.  A  discussion  of  these  modifications  would  be 
inappropriate  in  this  paper  :  they  require  extended  consideration  and  will 
be  so  considered  from  the  clinical  standpoint  in  a  special  paper  bearing  on 
this  subject.*  I  am  content  for  the  moment  to  present  a  case  which  clearly 
confirms  the  occurrence  of  a  reflex  cardiac  syncope  in  the  human  subject  and 
which  affords  a  parallel  with  the  similar  deaths  which  I  have  induced 
experimentally  in  animals. 

Can  a  death  of  this  description  be  ascribed  to  any  cause  other  than 
ventricular  fibrillation  ? 

It  is  absolutely  certain  that  death  in  this  particular  instance  was  not 
conditioned  by  "  over-dosage."  There  remains  the  prevalent  idea  that  sudden 
death  mav  result  from  the  reflex  inhibition  of  the  heart  through  the  vagi, 
and  this  view  was  adopted  by  the  author  of  this  report.  But  no  vestige  of 
direct  experimental  evidence  can  be  adduced  in  support  of  such  a  view, 
despite  the  innumerable  attempts  to  produce  a  fatal  vagal  reaction  in  the 
chloroformed  animal.  Permanent  inhibition  of  the  mammalian  heart  by 
reflex  vagal  action  is  unknown  to  experimental  physiology,  and  although 
it  has  been  considered  that  vagal  inhibition  might  be  fatal  to  a  diseased  heart, 
'  this  is  a  matter  of  pure  conjecture. t  I  have  myself  made  an  extended 
investigation^^  upon  this  supposed  reflex  action  of  the  vagus,  and  found  that 
although  well  marked  vagal  effects  may  be  obtained  through  stimulation 
of  the  central  end  of  the  recurrent  laryngeal  nerve  or  of  fibres  running  in  the 


*  Two  additional  cases  of  cardiac  ej-ncope  under  known  percentages  of  chloroform  are  given 
in  the  Appendix  to  this  paper.     (Nos.  1  and  2.) 

t  Certain  clinir'ians  are  now  employing  vagal  compression  as  a  test  in  c&aes  of  heart  affectiona  ; 
and  they  do  so  with  impunity. 
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vagus  trunk,  yet  even  although  the  excitabihty  of  the  vagus  centre  be  raised 
by  partial  asphyxia,  nothing  approaching  permanent  stoppage  of  the  heart's 
action  is  ever  produced.  I  never  observed  any  vagal  reflex  of  practical 
significance  as  a  result  of  stimulating  sensory  somatic  nerves,  and  feel  quite 
assured  that  no  such  thing  ever  happens,  and  it  is  evident  that  an  irmigined 
cause  of  death  can  no  longer  be  accepted  or  even  considered  as  an  alternative 
to  the  substantive  form  of  death  through  ventricular  fibrillation  which  I  have 
succeeded  in  demonstrating  as  a  reflex  phenomenon. 

IV.     The  direct  cardiac  effect  of  section  of  the  vagi. 

Section  of  the  vago-sympathetic  trunks  under  light  anaesthesia  is  one  of 
the   most   effective    measures    for   the   production     of     typical   chloroform 
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Fig.   15.      X    5.     Sciatic  stimulations  in  a  cat  from  which  both  suprai'enal  glands  had  been 
extirpated,  the  animal  otherwise  mtact. 

a.  Chloroform  l-7°o-  Coil  at  90  mm.  The  heart  beat  accelerates  from  130  to  160 
per  minute,  but  remains  regular. 

b.  Chloroform  Oo°o-  Coil  at  90  mm.  The  heart  beat  passes  into  an  irregular 
tachycardia,  maximum  rate  280. 

c.  Chloroform  0-5°o.  Stronger  stimulation,  coil  at  50  mm.  Heart  irregular  when 
stimulated.  The  irregularities  become  more  pronounced  and  terminate  in  V.F.  Hiirtle 
curves.  Signal  lines  adjusted  as  abscissa.  Time  in  seconds.  The  numbers  mdicate  rates 
of  heart  beat. 

tachycardias.  Under  deep  anaesthesia,  produced  by  2%  vapour  or  over, 
it  sometimes  happens  that  the  heart  accelerates  only,  remaining  perfectly 
regular,  but  under  these  circumstances  also  pronounced  irregularities  may 
occur.  Under  light  anaesthesia  the  irregularities  invariably  occur  in  sequence 
to  vagotomy.  Sometimes  these  eventually  disappear,  the  heart  then  remain- 
ing permanently  accelerated  but  regular  ;  sometimes  they  persist  indefinitely, 
and  in  exceptional  cases  they  terminate  in  ventricular  fibrillation.  These 
remarks  apply  to  instances  in  which  both  vagi  are  cut  ;  section  of  one  vagus 
alone  does  not,  as  a  rule,  give  rise  to  the  more  comphcated  forms  of 
irregularities,  often  to  a  bigeminus  only. 
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I  have  had  frequent  occasion  to  perform  vagotomy  upon  cats  under 
chloroform,  not  in  order  to  induce  irregularities,  but  for  the  purpose  of 
control  experiments,  and  an  endeavour  was  therefore  generally  made  to 
suppress  the  irregularities  by  maintaining  a  full  degree  of  anaesthesia.  In 
such  cases  the  ventricles  never  passed  into  fibrillation.  I  have,  however,  in 
addition  to  these,  seven  records  of  cases  in  which  vagotomy  was  performed 
at  l^o  or  at  a  lower  strength  of  vapour,  and  it  is  probable  that  there  were  a 
few  other  unrecorded  instances  in  which  there  was  a  negative  result.  In  these 
seven  recorded  instances  the  heart  was  beating  regularly  before  the  vagi  was 
cut.  In  two  instances  at  00%  and  in  three  at  0-5%  the  usual  multiple 
tachycardia  alone  ensued.  In  the  two  remaining  instances  definite  ventricular 
fibrillation  occurred,  in  one  instance  temporarily,  in  the  other  permanently. 

CASE  1.  Fig.  16.  Cat  under  l^o  chloroform.  Rate  of  beat=90  per  minute.  Blood- 
pressure  =102  mm.  On  section  of  one  vagus  the  blood -pressure  rose  a  little  and  the  rate  was 
slightly  accelerated.  On  section  of  the  contralateral  vagus  the  blood-pressure  rapidly  rose  to 
120  rmn.  and  the  beat  was  accelerated  to  150  per  minute.  The  heart  then  Ijecame  progressively 
irregular,  and  the  blood-pressvu-e  fell  owing  to  cardiac  insufficiency.  A  series  of  simple  forms  of 
irregvilarity  were  the  fu^st  to  appear  (bigeminal  action)  which  passed  into  higher  grades  of 
irregularity  with  short  internals  of  fibrillation  and  later  a  well-marked  temporary'  cessation  of  the 
heiirt's  action  towards  tlie  end  of  the  tracing  occurred. 

CASE  2.  Cat  under  0-5"o  chloroform.  Every  fourth  beat  an  extrasystole,  rate  about 
90  per  minute.  Blood-pressure  =  100  vara.  On  cutting  the  vagi  a  multiple  tachycardia  ensued, 
the  blood -pressiu-e,  after  a  preliminary-  fall  on  their  first  incidence,  rising  gradually  to  146  mm. 
In  H  minutes  the  ventricles  passed  into  permanent  fibrillation. 
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Fig.  16.  Section  of  the  vagi  in  a  cat  lightly  antesthetised  by  0-5°o  chloroform.  Previous  to 
vagotomy  the  heart  was  Ijeatmg  regularly  at  a  rate  of  90  per  minute.  On  cutting  the 
vago-sympathetic  ner\'e  trunks  in  the  neck  (signal  marks  1  and  2)  the  heart  accelerates  and 
the  blood -pressiore  is  forced  up.  The  l^eat  then  by  gradual  stages  becomes  more  and  more 
irregular  with  momentarv  periods  of  ventricular  fibrillation.  Hurtle  manometer.  Natural 
respiration.  Time  marked  in  seconds.  The  signal  line  has  been  adjusted  to  the  Hurtle 
abscissa. 
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Fig.   16a.     A  similar  experiment  to  the  last,  but  in  \\hich  the  accelerator  cardiac  nerves  were 
cut  just  previovts  to  vagotomy.     Chloroform  1-5%.     Hiirtle  manometer. 
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The  effect  of  exciting  a  vagus  nerve  is,  as  Gaskell"  has  shown,  to  depress 
all  the  cardiac  functions.  The  effect  of  section  of  the  vagus  nerves  is  to  cut 
out  the  tonic  vagal  influence  on  the  heart,  with  the  result  of  an  increase  in  the 
cardiac  functions,  this  increase  being  the  equivalent  of  an  excitation  of  the 
(so-called)  accelerator  nerves,  which  exert  an  exactly  opposing  influence  to 
that  of  the  vagi.  Both  section  of  the  vagi  and  accelerator  excitation,  as  is 
well  known,  increase  the  rate  of  rhythmic  contraction  of  the  heart,  and  also 
cause  it  to  beat  more  strongly,  so  that  the  ventricular  output  is  increased 
and  the  blood-pressure  rises.  These  tendencies  may  be  largely  obscured 
under  chloroform  OA\ing  to  the  irritable  condition  of  the  heart  and  the 
consequent  incidence  of  irregularities  with  loss  of  cardiac  efficiency,  but  when 
observed  apart  from  these  abnormalities,  the  effect  of  section  of  the  vagi  is 
found  to  be  precisely  the  same  under  chloroform  as  under  other  conditions. 
This  fact  is  demonstrated  under  circumstances  in  which  the  heart  is  less 
irritable  than  usual,  and  in  Avhich  as  a  consequence  it  remains  regular  after 
vagotomy,  the  manometric  curve  then  presenting  a  perfect  picture  of  increased 
cardiac  efficiency.     Thus  : — 

Experiment,  Jani/ar;/  the  Qih,  1912.  (Fig.  17).  Cat  under  l-o^o  chloroform,  anaesthesia 
well  established.  Heart  beat  regular  at  a  rate  of  165  per  minute.  Blood-pressure--98  mm.  On 
section  of  both  vagi  the  rate  rapidly  increased  to  240  and  the  pressure  rose  to  144  mm.  in  22 
seconds.     The  beat  remained  regular. 
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Fig.  17.  Section  of  the  vagi  m  a  cat  fully  anaestheti.sed  by  l-o^o  chloroform.  The  figures  above 
the  pressure  curve  indicate  blood -pressure  at  the  mark  x,  and  those  immediately  below  the 
curves  denote  rate  of  cardiac  rhythm.  The  signal  marks  R  and  L  denote  section  of  the  right 
and  left  vago-sjnipathetic  nerve  trunks  respectiveh'.  The  heart  does  not  become  irregular 
and  hence  the  increased  efficiency  of  the  heart  is  fully  represented  by  the  rise  of  blood -pressure. 
A  fixrther  rise  takes  place  later  as  a  result  of  reducing  the  anaesthetic  at  the  arrow  marks. 
Hiirtle  manometer.     Signal  line  adjusted  to  serve  as  abscissa.     Time  marked  in  seconds. 

A  similar  observation  has  been  made  on  five  other  animals  which  were 
being  subjected  to  artificial  respiration,  a  condition  which  opposes  the 
tendencj'  of  the  heart  to  become  irregular  even  in  the  presence  of  low 
percentages  of  chloroform.  In  these  cases,  likewise,  on  section  of  the  vagi  the 
heart  remained  regular  but  at  once  became  accelerated,  attaining  generally  a 
rate  of  240  per  minute  or  thereabouts.  The  blood-pressure  was  likewise  affected, 
rising  at  once  10  or  20  mm.,  and  subsequently  and  more  gradually  to  a  height 
which  was  in  one  instance  as  much  as  50    mm.  above  the  initial  pressure. 
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The  onset  of  ventricular  irregularities  as  a  consequence  of  vagal  section 
may  be  explained  in  a  manner  which  conforms  with  the  explanations  of  my 
previously  described  experiments.  Both  adrenalin,  and  the  so-called 
"  accelerator  "  influences,  Avhether  direct  or  indirect,  stimulate  the  heart 
to  increased  activity.  B}'  removing  the  tonic  depressing  influence  of  the 
vagal  centres  the  heart  is,  in  effect,  stimulated  in  a  precisely  similar  fashion. 
In  short,  it  is  a  stimulation  of  the  heart  functions  which  is  the  determining 
cause  of  ventricular  irregularities  and  fibrillation  in  a  heart  already  rendered 
irritable  by  the  action  of  chloroform. 

►  If  the  above  conclusions  be  correct,  then  increased  vagal  activity  should 
have  the  effect  of  abolishing  existing  tachycardias.  This  is  undoubtedly  the 
case.  I  have  frequently  excited  the  peripheral  end  of  a  cut  vagus  nerve  and 
have  thereby  succeeded  in  i)utting  an  end  to  a  ventricular  tachycardia.  Such 
an  experiment  is  illustrated  in  Fig.  18. 
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i'ig.  IS.  The  iiiliiieiice  of  vagal  aitioii  upon  the  irregular  heart.  The  jjeriplieral  end  of  a  tub 
vagus  nerve  was  stimulated  b\  a  faradic  current  with  the  coil  at  90  mm.  Before  stimulation 
the  heart  was  exhibiting  an  irregular  tachycardia  of  210  beats  per  minute.  The  irregular 
condition  of  the  beat  is  more  readily  identified  in  that  part  of  the  tracing  in  which  the 
kymograph  moves  at  a  slow  rat^.  During  excitation  the  heart  is  slowed  to  a  regtilar  beat 
of  GO  per  minute.  Hurtle  manometer.  The  signal  line  is  adjusted  to  the  abscissa.  Time 
ill  seconds. 


There  is  good  reason  to  believe  that  an  increase  of  vagal  tone  is  responsible 
for  a  diminished  liability  to  the  onset  of  these  cardiac  irregularities,  but  I 
shall  have  occasion  to  deal  with  this  point  at  greater  length  in  my  following 
paper. 

A  question  of  considerable  interest  is  involved  in  the  results  of  cutting 
the  vagi.  Does  the  cardiac  stimulation  and  consequent  irregularity  arise 
as  an  automatic  intracardiac  increase  of  function,  or  does  it  arise  from  the 
now  unrestrained,  and  hence  augmented,  action  of  the  accelerator  centres  \ 
This  question  appears  to  be  fully  answered  by  the  following  experiment  : — 

The  cardiac  accelerator  nerves  were  exposed  on  both  sides  by  iVnderson's 
operation,  and  cut,  and  then  the  vagi  Avere  cut  under  0-5%  chloroform. 
The  result  was  a  procession  of  events  almost  exactly  similar  to  that  seen  in 
Fig.  l(»,  the  heart  passing  by  similar  stages  into  a  multiple  tachycardia.  (See 
Fig.  lOa.)  This  result  was  confirmed  in  a  later  series  of  experiments  on  cats 
with  dencrvatcd  hearts,  i.e.,  on  surviving  cats  in  which  the  stellate  gangha 
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had  been  excised.  The  denervated  heart  is  possibly  even  more  sensitive 
than  the  normal  heart,  and  in  this  series  of  nine  experiments  I  met  with  a 
case  of  ventricular  fibrillation  from  vagotomy  under  the  exceptional  condition 
of  a  2%  chloroform  anaesthesia.  Another  case  fibrillated  under  1%  chloroform 
vapour,  and  in  the  remaining  seven  the  usual  irregularities  alone  resulted. 
In  these,  experiments  the  possibility  of  an  exaggeration  of  the  normal 
accelerator  tone  is  excluded,  and  one  is  therefore  led  to  conclude  that 
ventricular  abnormalities  following  section  of  the  vagi  under  chloroform 
are  not  directly  excited  by  a  nervous  impulse,  but  occur  in  sequence  to  a 
stimulation  of  the  heart  which  is  not  the  result  of  a  direct  nervous  influence. 
In  other  words,  the  seat  of  origin  of  excitation  of  ventricular  fibrillation  after 
section  of  the  vagi  is  intracardiac,  and  presumably,  intramuscular. 

The  possibility  of  traumatic  irritation  (due  to  section)  of  afferent  vagal 
fibres  setting  up  a  secretory  reflex  in  the  suprarenal  bodies,  and  thus 
conditioning  the  irregularities  in  the  foregoing  experiments,  may  perhaps  be 
considered.  These  afferent  fibres  are  largely  cardio-inhibitory  and  vaso- 
dilator in  action,  and  such  effects  alone,  so  far  as  I  have  observed,  result  from 
the  faradic  excitation  of  the  central  ends  of  the  severed  vagi.  It  can,  farther, 
be  demonstrated  that  vagotomy  gives  rise  to  the  same  irregularities  after 
excision  of  the  suprarenal  glands  in  addition  to  the  stellate  ganglia,  and  thus 
additional  support  is  afforded  to  the  view  that  they  are  purely  intracardiac 
in  origin.     The  following  experiment  illustrates  this  point  : — 

Exjjerimeiit.  Cat.  Stellate  ganglia  excised  seventeen  days  previously. 
Animal  in  fair  condition.  Both  suprarenal  glands  excised,  heart-beat 
regular,  120  per  minute.  The  vagi  Mere  then  cut  under  1%  chloroform  and 
cardiac  irregularities  followed  in  twenty  seconds. 

Section  of  the  vagi  is  an  experiment  a\  liich  has  no  direct  chnical  counter- 
part. There  does,  however,  exist  a  possible  physiological  parallel  in  a 
diminution  of  the  normal  vagal  tone  through  reflex  inhibition  of  the  vagus 
centres,  a  subject  which  has  been  considered  at  some  length  by  Reid  Hunt.i" 
Whether  this  may  be  an  adjuvant  cause  of  ventricular  irregularities  I  cannot 
say,  but  inasmuch  as  I  have  obtained  positive  results  in  all  my  control 
experiments  Avith  the  vagi  previously  cut,  it  does  not  appear  to  be  a  matter 
deserving  immediate  further  investigation. 

V.     Ventricular  fibrillation  of  apparently  spontaneous  origin. 

In  the  foregoing  section  I  have  described  how  reflex  stimulation  of  the 
heart,  such  as  results  from  operative  procedures,  may  produce  ventricular 
fibrillation  under  conditions  of  light  chloroform  anaesthesia.  I  have  now  to 
describe  how  ventricular  fibrillation  likewise  occurs  (1)  during  the  induction 
stage,  when  the  heart  has  not  come  fully  under  the  influence  of  the  chloroform, 
and  (2)  during  the  recovery  stage,  when  the  heart  is  being  released  from  the 
full  influence  of  the  chloroform.  In  these  stages  ventricular  fibrillation  may 
be  apparently  spontaneous  in  origin,  in  so  far  as  there  is  not  any  source  of 
reflex  cardiac  stimulation  arising  from  operative  manipulations. 
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Fig.  10.  X  i.  Ventricular  fibrillation  caused  by 
struggling  during  the  induction  period.  Cat 
prepared  by  Brooks'  method.  Cannula  in  criiral 
artery.  Upper  curve,  respirator^-.  This  shows 
a  declination  in  its  first  portion  caused  by  a 
leak  in  the  recording  apparatus.  Lower  curve, 
blood -pressure.     Ludwig  manometer. 

Anapsthesia  induc-edby  l-5%chloroform,  then 
2°oi  then  reversion  to  1%,  when  animal  was 
roused  to  a  state  of  excitement  and  struggled 
freely.  The  heart  became  very  irregular,  the 
chloroform  was  entirely  removed,  and  the  ven- 
tricles tibrillated  a  few  seconds  later.  The  fluc- 
tuations m  theblood-pressure  during  struggling 
are  mainly  mechanical,  and  the  small  irregular 
beats  are  almost  obscured  in  the  reproduc- 
tion. The  final  fluctuations  at  the  foot  of  the 
pressiu-e  curve  are  caused  by  the  powerful 
asphyxial  respiratory  gasps,  which  are  deline- 
ated in  the  respiration  curve.  The  heart  was 
inspected  immediately  on  the  cessation  of 
respiration.  The  ventricles  were  found  in  a 
state  of  coarse  fibrillation.  The  aiu"icles  were 
beating  famtly,  the  left  auricle  containing 
blood  which  was  darker  than  uaual  after  \'.i'".. 


(«)      Observations    icithout    recording 
apparatus. 

A  brief  account  of  ventricular 
fibrillation  occurring  in  the  induction 
stage  of  chloroform  anaesthesia  in 
cats,  and  of  the  definite  ways  in 
which  it  is  brought  about,  has  already 
been  published. ^-^  Eighteen  cases  of 
sudden  death  during  the  induction  of 
anaesthesia  had  been  noted  at  the 
time,  and  several  more  of  an  exactly 
similar  nature  have  been  since 
observed.  Many  of  these  cases  were 
the  result  of  a  pure  accident  at  a 
time  when  I  was  unaware  of  the 
proper  principles  of  administration, 
and  others  more  recently  have  been 
the  result  of  set  procedures  in  the 
endeavour  to  reproduce  them. 
These  deaths  are  of  a  remarkably 
sudden  nature,  the  animal  is 
obviously  not  overdosed,  yet  the 
respiration  stops  suddenly  from  no 
apparent  cause,  the  heart  is  found 
to  have  ceased  beating  and  in  the 
generahty  of  cases  no  measures, 
however  prompt  or  energetic,  will 
avail  to  restore  the  animal. 

If  the  animal  were  being  carefully 
observed  shortly  before  the  respira- 
tions ceased  a  phase  of  exaggerated 
respiration  would  be  noted,  often  of 
itself  sufficient  to  attract  attention, 
and  sometimes  taking  the  form  of 
powerful  expiratory  spasms,  accom- 
panied by  loud  phonation,  the 
whole  body  at  the  same  time 
twisting  in  a  convulsion.  Sometimes 
violent  struggling,  evidently  the 
volitional  efforts  of  a  semi-con- 
scious animal,  would  precede  the 
terminal  phase  of  exaggerated 
respiration.  This  form  of  death  in 
animals  has  been  recognised  and  even 
carefully  described,  and  the  cause  of 
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death  ascribed  to  an  excessive  intake  of  chloroform  as  a  result  of  the  abnormal 
respiratory  amphtude.  There  is  an  element  of  unconscious  irony  in  this 
attempt  to  exploit  a  physiological  theory  upon  the  body  of  a  dead  animal, 
for  the  animal  is  indubitably  dead  before  the  exaggerated  res^^irations  appear ; 
the}'  are  but  the  physiological  sequence  of  a  rapid  and  complete  circulatory 
failure,  to  which  reference  has  already  been  made  in  Section  I  (a)  of  this  paper 
(see  Fig.  19).  These  asphyxial  gasj^s  are  an  almost  invariable  sequence  of 
ventricular  fibrillation  from  any  cause,  but  in  some  cases  they  are  modified 
by  the  condition  of  the  animal  or  the  degree  of  anaesthesia;  thus  the 
respirations,  though  continuing  after  cardiac  syncope,  may  not  be  exaggerated, 
or  they  may  even,  though  long  drawn,  be  diminished  in  amplitude. 

Although  Avhen,  some  years  ago,  I  first  observed  this  form  of  death  I  did 
not  recognise  its  cause,  I  was  convinced  it  did  not  result  from  an  excess  of 
vapour.  The  anaesthesia  was  at  that  time  induced  by  placing  a  bag  made  of 
loosely  woven  fabric  on  the  animal's  muzzle  and  dropping  chloroform  upon  it. 
The  process  was  carried  out  with  precision  and  ^^  ith  a  careful  progression  so 
that  I  was  in  this  way  enabled  to  chloroform  cats  without  any  excitement 
and  A\ithout  any  assistance  and  to  avoid  over-dosage  with  certainty.  From 
my  kno^^  ledge  of  the  evaporation  of  chloroform  under  such  conditions  I  was 
convinced  that  at  no  stage  was  an  excessive  percentage  of  chloroform 
administered. 

At  a  later  stage  I  induced  anaesthesia  by  means  of  the  bag  and  drop 
bottle,  and  discarding  this  A^hcn  the  animal  was  fairlv  anaesthetised  I  con- 
continued  ^ith  the  ad  plenum  method  of  administration  with  a  2%  or  lower 
strength  of  vapour.  An  interval,  during  ANhich  the  cat  was  not  inhahng  an 
anaesthetic,  was  thus  introduced. 

Subsecpiently  anaesthesia  was  habitually  induced  from  the  beginning  by 
the  ad  plenum  method,  commencing  with  a  low  percentage  and  gradually 
increasing  it,  but  the  administration  was  not  alwaj's  continuous,  the  inhaler 
being  sometimes  removed  to  examine  the  corneal  reflex  or  for  other  j^urposes. 
In  the  course  of  the  pursuance  of  this  method,  the  percentages  being  noted 
throughout,  the  same  form  of  death  was  seen,  thus  affording  definite  and 
final  proof  that  the  percentage  Avas  A\ithin  the  so-calletl  limit  of  safety, 
viz     "^^ 

At  first  there  AAas  no  suspicion  of  ventricular  fibrillation  ati  a  cause  of 
death  in  these  cases  ;  a\  hen  this  a\  as  suspected  later,  evidence  of  it  Avas  sought 
for  by  opening  up  the  chest  and  pericardium.  AMicn  this  Avas  performed 
immediately  after  syncope  the  evidence  AAas  unmistakeable,  but  on  the  other 
hand  if  the  post-mortem  AAas  delayed  for  purposes  of  attempting  the  recovery 
of  the  animal,  then  the  evidence  might  be  presumptiAC  evidence  only, 
for  actual  fibrillar  contractions  might  have  passed  away,  but  even 
under  such  circumstances  the  absolute  inactivity  of  the  ventricles  is  a 
suggestiA-e  feature.  The  determining  causes  of  death  Avere  not  at  first 
apparent,  but  it  became  progressively  evident  that  an  entire  AvithdraAval  or 
great  reduction  of  the  chloroform  A\as  a  factor  of  outstanding  importance 
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in  the  procedure,  find  such  a  factor  is  specifically  noted  in  nearly  all  my 
notes  of  the  cases.  I  am  now  able  to  classify  the  procedures  which  may  lead 
to  syncope  under  three  headings  : — 

1.  On  intermitting  the  administration.  On  taking  off  the  chloroform 
the  animal  dies  spontaneously,  with  or  without  signs  of  recovery  {i.e., 
movement.  &c.)  from  the  anaesthetic. 

2.  On  struggling.  After  stopping  the  administration,  or  when  under 
a  low  percentage,  the  animal  was  caused  to  struggle,  frequently  as  a  result 
of  tying  it  down  on  the  experimental  table.  This  struggling  precipitated 
spontaneous  syncope. 

3.  On  increasing  the  chloroform  suddenly  or  on  re-applying  it  after  an 
intermission.  On  the  animal  showing  signs  of  recovery  either  by  struggling 
or  by  minor  evidences,  more  chloroform  was  given,  and  this  re-application 
uas  quickly  followed  by  .syncope. 

A  complete  account  of  the  cases  of  syncope  upon  wliich  the  above 
conclusions  are  founded  is  given  below  in  chronological  order.  The 
descriptions  are  given  just  as  the}''  were  noted  at  the  time.  Unfortunately 
these  notes  are  not  in  every  case  very  complete,  being,  many  of  them,  made 
at  a  time  when  the  significance  of  all  the  circumstances  was  not  fully 
appreciated. 

List  of  cases  of  syncope  during  the  induction  of  chloroform  ancesthesia. 


Ca-ses  . 


May  the  22nd,  190S.    Drop  method. 

Cat  came  romid  a  little  and  moved  about  before  tying  down  on 
board.     Some  extra    chloroform   given    when   tied  down.       Gave 
several   strong   gasps   emd   found   to   be   dead.     No   recovery   by 
artificial  respiration  or  on  prolonged  perflation. 
No  P.M. 

May  the  29th,   1908.     Drop  method. 

Took  some  time  to  go  under.  Made  quite  flaccid  and  quiescent  and 
tied  down  to  board,  chloroform  kept  up  as  before.  \Mien  tied 
down  struggled  pretty  violently,  about  10  drops  quickly  applied  to 
the  nose  bag.  Almost  immediately  after  fotmd  not  breathing  and 
heart  not  beatmg. 

A  few  gasps,  but  no  sign  of  heart  action  afterwards  in  spite  of 
artificial  respiration. 
No  P.M. 

September  the   12th,   1908.     Drop  method. 

\\'lien  tied  down  on  board  struggled  and  phonated,  five  drops  put 
on  nose  bag,  witliin  a  few  seconds  the  breathing  and  pulse  stopped 

Breathing  and  pulse  gradually  recovered. 

Recovery. 


Cause  of  Syncopk. 


Intermission   and   re  • 
application. 


Struggling     and     re- 
application. 


Struggling     and      re- 
apphcation. 
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Cases. 


4.  September  the  28th,   1908.     Drop  method. 

One  out  of  eight  eats  in  which  an  attempt  was  made  to  reproduce 
this  form  of  death.  Struggled  verj'  strongly  during  induction. 
When  it  had  not  had  more  than  three  drops  at  a  time  it  commenced 
to  inflate  its  chest  deeply  and  respire  powerfully  apparently  against 
a  partly  closed  glottis,  the  cat  being  held  by  the  legs  at  the  time. 
The  heart  beat  was  not  readily  perceptible,  as  the  chest  wall  was 
very  tense.  Five  drops  then  put  on  nose  bag,  breathing  quieted 
down,  heart  beat  still  not  readily  felt,  when  tail  spasm  was  noted 
and  breathing  suddenly  ceased.  Attempted  recovery  by  chest 
compression  and  tongue  traction.  Cat  gave  about  six  gasps  at 
intervals,  but  the  heart  never  recovered  and  normal  breathing  never 
reassumed. 
No  P.M. 

5.  December  the  1st,   1908.     Drop  method. 

Three  to  five  drops  rather  rapidly  repeated.  Went  slack  early 
when  the  heart  noticed  to  be  beating  very  faintly,  respiration  good. 
Chloroform  discontinued,  and  the  animal  tied  down  when  it  very 
quickly  came  round  with  a  quite  strong  and  slow  heart  beat.  As 
far  as  can  be  remembered  two  doses  of  five  drops  each  were  then 
applied.  Heart  beats  soon  noticed  to  be  imperceptible,  respirations 
remaining  regular  and  fairly  vigorous.  Chloroform  removed,  but 
breathing  gradually  failed  and  animal  restored  with  great  difficulty 
by  chest  compression  and  tongue  traction.  Many  gasping 
respirations  occiured  before  the  heart  commenced  to  beat  again. 
Recovery. 

6.  May  the  17th,   1909.     Drop  method. 

Chloroform  applied  carelessly  in  large  amounts,  heart  felt  to  be 
faint  early  in  administration.  Chloroform  removed.  The  corneal 
reflex  was  very  active  and  animal  moving  when  it  became  convulsed 
strongly  on  applying  a  fresh  dose,  and  then  heart  beat  was  found 
absent  and  breathing  ceased.  Breathing  was  restored  actively  but 
not  the  heart. 
No  P.M. 

7.  August  the   15th,   1910.     Drop  method  followed  by  ad  plenum. 

Put  luider  thoroughlj'  by  drop  method  with  the  intention  of 
continuing  by  ad  plenum  method.  The  apparatus  was  found  not  to 
be  working  properly,  so  decided  to  abandon  experiment  and  nose 
bag  removed.  The  apparatus  was  quickly  mended  however,  and 
experiment  resumed,  animal  now  coming  round  and  moving 
slightly.  Given  2%  ad  plenum  and  proceeded  to  tie  down.  When 
tied  down  animal  found  dead  and  could  not  recover  it.  Judging 
by  the  want  of  resistance  on  tying  down  the  cat  expired  almost 
immediately  on  giving  2%. 

P.M.  Heart  exposed.  Auricles  beating, ventricles  not  beating.  Right 
ventricle  fibrillating  very  finely  at  one  spot  near  apex,  later  fibrillation 
became  more  evident  generally. 

8.  September  the  14th,   1910.     Drop  method  followed  by  ad  plenum. 

Chloroform  rather  pushed,  went  under  readily.  Became  quite 
slack  and  breathing  became  weak,  heart  slow  but  quite  palpable, 
corneal  reflex  still  active.  Nose  bag  taken  off  and  then  contiiiued 
with  2%  '^d  plenutn  method.  Soon  commenced  to  struggle  and 
breathe  deeply  and  within  thirty  seconds  became  motionless,  no 
heart  beat  felt,  breathing  stopped.  A  few  breaths  induced  by 
tongue  traction,  but  heart  never  beat  again. 
No  P.M. 


Cause  of  Syncoi-e. 


Probably  V.F.  from 
struggling,f  oUowed  by 
recovery,  with  re- 
lapse on  re -applica- 
tion. 


Intermission   and    re- 
application. 


Intermission   and    re- 
application. 


Intermission   and   re- 
application. 


Intermission,  re-ap- 
plication and  strugg- 
hng. 
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Cases, 


Cause  of  Syncope. 


9.    November  the  9th,   1010.      Ad  pletiian  method. 

Put  under  by  ad  plenum  method  gradually  increasing  vapour  up 
to  2°o' then  back  to  1-5%.  Incision  made  in  neck,  struggled,  put 
chloroform  up  to  1-8%,  incision  continued,  struggled  again  and  the 
funnel  slipped  off  the  head.  Left  under  chloroform  again  whilst 
attention  diverted,  then  noted  breathing  stopped  and  heart  not 
going.  Breathing  recommenced  spasmodically  for  a  short  time, 
but  heart  never  recovered. 

P.M.  Heart  distended.  Auricles  beating  rapidly.  Right  ventricle 
fibrillating  .slightly.     Left  ventricle  faint  fibrillation  later. 

10.  December  the  3rd,  1910.      -4(i /)/en»m  method. 

Induction  first  with  1"/^,  then  with  2%,  When  fully  relaxed  tied 
down.  Breathing  noticed  rapid  but  very  shallow,  heart  beating 
rapidly  but  strongly.  Percentage  reduced  to  l-8"o  when  animal 
suddenly  went  into  a  general  spasm,  commencing  in  the  tail,  fully 
inflated  chest  which  became  very  tense.  Spasm  lasted  a  few 
seconds  and  at  the  end  of  it  the  heart  found  not  beating.  All 
efforts  at  recoverv  imavailing. 
No.   P.M. 

11.  December  the  Gth,   1910.     Drop  method. 

Cat  sneezed  and  blew  the  bag  off  its  muzzle  when  half  way  vmder. 
Bag  re-apphed,  struggled  a  little,  then  two  or  three  drops  put  on  and 
heart  found  to  have  .stopped  almost  immediately  afterwards. 
Natural  breathing  recurred  spasmodically,  but  heart  beat  never 
returned.     Vagi  were  cut  without  result. 

P.M.  Chest  opened  late.  Ventricles  quite  inactive,  did  not  show 
any  signs  of  fibrillation  ;   auricles  only  beating  feebly. 

12.  December  the   13th,    1910.     Drop  method. 

Gradual  induction.  Heart  beat  rapid  but  not  strong.  Sneezed 
violently,  chloroform  continued  during  sneezing,  not  in  excess. 
Cat  then  gave  several  expiratory  groans,  chest  strongly  inflated 
several  times  and  then  collapsed  dead. 

Vagi  cut  and  other  methods  of  restoration  tried  without  avail. 
P.M.     Chest    opened    late.     Ventricles    quite    inactive    and    not 
fibrillating.     Heart  not  over -distended.     Auricles  beating  extremely 
feebly  and  at  long  intervals. 

13.  December  the  13th,  1910.     Drop  method  followed  by  ad  plenum. 

Chloroform  given  fairly  rapidly.     When  apparently  well  under  took 
off  nose  bag.     Cat  sneezed  a  little  and  2*^©  given  through  funnel. 
Sudden  collapse  followed,  no  recovery. 
No  P.M. 

14.  February  the  24th,    1911.      Ad  plenum  method. 

2%  from  beginning.  Rapid  heart  beat.  Quiet  for  first  two 
minutes  of  induction,  then  commenced  to  sneeze,  inhaler  removed 
for  about  thirty  seconds,  corneal  reflex  active.  Inhaler  re-apphed 
when  sneezing  had  ceased.  Amplitude  of  thoracic  respirations 
almost  immediately  increa.sed,  inflated  chest  with  expiratory 
groans,  heart  could  not  be  palpated  on  accoiuit  of  the  tense  chest 
walls.  When  respiration  ceased,  as  it  did  quickly,  heart  beat  could 
not  be  felt.  At  the  moment  of  re-application  the  inhaler  was 
yielding  exactly  1-9%  vapovu*. 

P.M.  Chest  opened  at  once.  Ventricles  fibrillating.  Right  auricle 
fibrillating  very  evidently,  left  auricle  beating  rapidly. 


Struggling,  inter- 
mission and  re- 
application. 


Intermission  (not 
noted  but  almost 
certain)  and  re- 
application. 


Intermission   and   re- 
application. 


Sneezing  and 
re-application. 


Intermission  and 
re-application. 


Intermission  and 
re-appUcation. 
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Cases. 


Oattse  of  Syncope. 


17. 


18. 


19. 


20. 


1011.     Induction    ad    plenum. 


/o 


from     the 


15.    March   the   2ncl, 
beginning. 

Incision  in  neck  made  when  under,  and  reduced  cliloroform  to  1-5%. 
Commenced  to  struggle  \'iolently  and  chloroform  raised  to  2%,  but 
previous  to  this  the  respirations  were  increased  in  a  typical  manner, 
with  rigidity,  so  that  the  heart  could  not  be  palpated.  No  doubt 
the  heart  stoppage  occurred  before  the  chloroform  was  increased. 
P.M.  Chest  opened  some  time  after.  Ventricles  fibrillating 
finely,  fibrillation  increased  by  massage.     Aiu'icles  beating. 


1 G.    Date  ?  Drop  method. 

Came  round  on  tying  down. 


respirations  and  death. 
No  P.M. 


A  few  more  drops  induced  forced 


August  the  2nd,   1912.      Ad  plenutn  method. 

2%  chlorofonn  ad  plenum,  for  three  minutes,  breatliing  quite 
quietly,  not  deeply  mider  at  any  time,  heart  beating  quietly,  not  fast, 
corneal  reflex  present  not  very  active.  At  the  end  of  three  minutes 
chloroform  removed  as  an  intentional  test,  respiration  increased  in 
force  almost  at  once,  no  struggling,  phonated,  and  breathed  deeply. 
No  heart  beat  felt  when  spasm  of  che.st  had  passed  off. 
P.M.  Ventricles  fibrillating  ;  right  auricle  fibrillating  faintly,  left 
auricle  beating  faintly.     Right  auricle  purple,  left  auricle  bright  red. 

August  the  2nd,  1912.      Ad  plenum  method. 

2%  given  for  about  two  minutes.     The  delivery  tube  to  the  funnel 
then   became    kinked,    causing    an    intermission    of    the   vapour. 
Phonation,  deep  breathing  and  death.     No  movement  or  struggling. 
No  P.M. 

September  the  22nd,  1912.      Ad  plenum  method. 

(Attempt  to  kill  by  chloroform  in  a  series  of  six  cats.) 

Cat  5.     Cut  male.     2,128  grms.     Had  plenty  of  milk  and  meat  up 

to  evening  of  21st,  but  nothing  since. 

2.46  p.m.     1%  on.      Ad  plenum. 

2.50  p.m.     1%  off.     Heart  beat  fairly  if  not  quite  regular  at  first. 

Sneezed  once  and  looked  round,  no  other  movement.     In  about 

twenty  seconds  the  heart  beat  w£is  felt  to  cease  suddenly,  increased 

respiration  immediately  followed. 

No  P.M. 

Cat  6.     Cut  male.     2,455  grms. 

Fed  as  No.  5. 

2.59  p.m.    1%  ad  plenum,  on. 


3.3 

3.4J. 
3.6* 


Recovery. 


Spasmodic  movement  and  phonation. 

Struggling.     Chloroform  off,   heart   becomes  irregular. 

1%  on. 

Struggles   strongly.     Heart   suddenly   ceased   beating, 

respiratory  spasm  and  loud  phonation  ensuing, 

3%   put  on  with   later  gasps,   when   heart  recovered 

permanently. 


January  the  14th,  1913. 

Cat  put  deeply  imder  by  unmeasured  chloroform  vapoiu"  in  a  cup. 
This  induced  at  first  violent  struggling  and  an  intense  persistent 
tachycardia.  "Wiien  under,  cup  taken  away,  and  after  a  brief 
interval  ad  plenum  method  with  2%  vapoiu-  substituted.  Death 
almost  immediately  with  usual  svmptoms. 
No  P.M. 


Straggling. 


Re-application. 


Intermission. 


Intermission. 


Intermission. 


Struggling     during 
light  anaesthesia. 


Intermission  and 
re-application. 


CHLOROFOP.M     ANAESTHESIA.  3oO 

The  foregoino:  account  of  twenty-one  deaths,  oocurrine;  during  the 
induction  of  chloroform  anaesthesia  in  cats,  sheds  an  entirely  new  light  upon 
tiie  conditions  of  dosage  under  which  they  die  in  this  stage  of  the  administra- 
tion of  chloroform.  In  those  cases  in  which  the  chloroform  vapour  was 
supphed  in  measured  concentrations  the  factor  of  overdosage  can  be  excluded 
^\'ith  certainty  ;  in  many  of  those  cases  in  which  the  chloroform  was  not 
mechanically  regulated,  it  was  administered  in  such  restricted  quantities 
as  to  exclude  the  factor  of  overdose  with  practical  certainty.  The  condition 
of  the  animals  in  relation  to  their  low  dosage  may  be  further  judged  by  the 
fact  that  some  of  them  were  moving  slightly  or  struggling,  and  some  were  in 
fact  in  a  state  of  semi-consciousness  at  the  moment  preceding  the  final 
collapse.  Finally  when  the  cats  died  as  a  result  of  the  re-application  of  the 
vapour  the  short  space  of  time  which  elapsed  between  the  re-application  and 
the  syncope,  the  frequently  instantaneous  sequence,  entirely  precludes  all 
possibiUty  of  a  sufficient  intake  of  chloroform  to  oversaturate  the  tissues. 

^^^len  an  animal  is  overdosed  ^^'ith  chloroform  the  respiratory  and 
cardiac  phenomena  are  entirely  different  from  tho.se  described  above.  The 
respirations  gradually  become  weaker  and  then  fail  ;  they  do  not  become 
exaggerated  or  fail  suddenly.  The  heart  beat  persists  after  the  failure  of 
respiration,  and  even  if  not  palpable,  at  least  the  ventricles  may  be  seen, 
on  inspection  of  the  heart,  to  exhibit  a  feeble,  but  rhythmical,  beat  for  some 
minutes  after  respiratory  failure  :  both  auricles  are  seen  to  be  purple  in 
colour  as  a  result  of  their  both  containing  venous  blood  ;  the  post-mortem 
appearance  of  the  overdosed  heart  is  thus  sufficiently  distinctive.  After 
respiratory  failure  such  as  that  caused  by  an  excessive  administration  of 
chloroform,  the  animal  can  be  resuscitated  readily  enough  by  ordinary 
means  ;  in  support  of  this  assertion  I  may  cite  the  authority  of  Snow-"  and 
Paul  Bert,^  who  employed  vapours  up  to  6^0  strength,  and  this  view  is.  I 
think,  generally  accepted.  In  the  majority  of  my  cases  the  heart  did  not 
recover  spontaneously,  nor  could  it  be  restored  by  any  of  the  methods 
usually  employed  for  the  purpose  of  resuscitation. 

My  cats  therefore  did  not  die  from  overdosage ;  this  is  demonstrated  by — 

1.  the   restriction   of   vapour; 

2.  the  evidences  of  light  anaesthesia  ; 

3.  the  mode  of  respiratory  and  cardiac  syncope  ; 

4.  their  insusceptibility  to  resuscitation  ; 

5.  the  post-mortem  appearance  of  the  heart. 

Any  one  of  these  reasons  is  in  itself  convincing  ;    taken  in  conjunction  they 
constitute  overwhelming  evidence  of  the  truth  of  my  conclusion.* 

The    symptoms    accompanying    the    syncope    were    in    all    these    cases 
compatible     with   primary   cardiac   failure   from   ventricular   fibrillation,   a 

*  In  two  cases  (Nos.  11  and  12)  the  vagi  were  cut  after  death  without  result.     The  syncope 
was  therefore  not  due  to  Embleys  form  of  vagal  cardiac  inhibition. 
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condition  which  I  have  shown  to  be  fostered  by  light  chloroform  anesthesia, 
and  a  condition  which  was  demonstrated  in  certain  instances  after  death. 

As  the  result  of  the  foregoing  observations  and  considerations  I  adopted 
a  certain  definite  plan  of  administration — I  induced  anaesthesia  more  rapidly 
by  giving  the  animal  a  fairly  full  percentage  of  vapour,  2%  or  more,  to  inhale 
from  the  commencement.  The  administration  was  made  a  perfectly 
continuous  one,  never  on  any  account  intermitted,  and  the  strength  of  the 
vapour  never  reduced  ;  if  the  animal  struggled  it  was  firmly  restrained,  and 
the  struggles  were  not  allowed  to  interrupt  the  administration.  I  have  now 
had  an  experience  of  some  300  cases  of  chloroform  anaesthesia  induced  by 
this  method,  with  a  single  instance  of  death  (No.  18),  and  this  death  followed 
the  accidental  interruption  of  the  administration  through  a  rubber  supply  tube 
becoming  temporarily  obstructed.  This  experience  lends  further  confirmation 
to  my  views  regarding  the  cause  of  death,  for  it  is  in  striking  contrast  to  that 
appertaining  to  the  usual  intermitted  method  of  administration  in  common 
use,  and  which  has  led  to  the  disuse  of  chloroform  as  an  anaesthetic  in  many 
physiological  laboratories.  Briefly  related,  it  may  be  said  that  anaesthesia 
may  be  induced  with  perfect  safety  with  chloroform,  provided  it  is  given 
of  a  full  strength  and  in  a  ^perfectly  continuous  manner. 

The  occurrence  of  a  death  as  a  simple  sequence  to  removing  chloroform 
occurred  in  only  three  of  the  related  twenty-one  cases  of  death,  but  this 
occurrence  is  more  frequently  met  with  after  the  conclusion  of  an  operation 
under  aseptic  conditions,  such,  for  instance,  as  excision  of  the  stellate  ganglia, 
performed  with  the  object  of  allowing  the  cat  to  survive  ;  this  fatal 
conclusion  is  indeed  so  frequent  that  I  never  now  use  chloroform 
for  these  aseptic  operations.  This  death  on  recovery  seems  to  be 
more  favourably  conditioned  by  a  somewhat  prolonged  prehminary 
subjection  of  the  heart  to  the  action  of  chloroform  at  a  moderate  percentage 
strength  ;  deep  and  prolonged  narcosis  tends  to  abolish  the  risk.  The 
syncope  may  occur  mthin  a  few  minutes  of  the  termination  of  the  operation, 
or  it  may  be  delayed  for  an  hour  or  more  ;  it  may  occur  in  a  perfectly 
quiescent  animal,  but  is  more  usually  preceded  by  some  form  of  unconscious 
movement  or  by  a  fit  of  general  excitement.  The  symptoms  of  this  death  on 
recovery  are  precisely  similar  to  those  described  as  occurring  on  intermission 
of  the  vapour  during  induction,  and  the  cause  of  death  is  made  apparent 
by  laying  open  the  chest  and  inspecting  the  heart. 

Illustrative  case.  (August  the  2nd,  1911.)  Cat.  Induction  with  2%  chloroform,  ad  plenum 
method.  "V^Tien  under,  the  chloroform  was  reduced  to  1-5%  whilst  the  neck  was  being  shaved. 
The  chloroform  was  then  taken  oft"  and  a  bandage  rolled  rovmd  the  neck,  and  then  the  animal 
was  laid  on  its  side  on  a  bench  to  recover.  A  few  ininutes  later  the  cat  commenced  the  "  runnuag  " 
movements  which  are  so  frequently  a  sign  of  retvirnmg  consciousness.  These  movements  ceased 
suddenly  within  a  few  seconds  of  their  appearance,  powerful  expiratory  efforts  made  their 
appearance  accompanied  by  loud  phonation,  and  on  cessation  of  respiration  no  sign  of  heart 
beat  could  be  found. 

P.M.  Chest  opened  rapidly.  Ventricles  fibrillating,  aviricles  beating,  right  auricle  purple, 
left  auricle  bright  red 
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(h)      Ohservatimw  marie,  with  recording  apparatus. 

I  have  succeeded  in  obtaining  graphic  records  of  nearly  all  the  forms  of 
sudden  s\Tico]")e  Avhicli  have  just  been  described  as  occurring  during  the 
induction  and  recovery  stages,  and  as  will  be  seen,  they  all  conform  to  the 
same  type,  i.e.,  a  sudden  collapse  of  the  circulation,  invariably  preceded  by  a 
typical  irregular  tachycardia. 

I  have  made  many  and  persevering  attempts  to  obtain  graphic  records 
of  these  forms  of  sudden  death  occurring  in  the  course  of  the  process  of  the 
induction  of  anaesthesia,  but,  A\ith  some  important  exceptions,  the  experiments 
did  not  prove  very  fruitful  of  results.  Even  in  intact  animals  there  is  no 
exact  procedure  -which  will  in-sure  the  onset  of  s^Ticope  at  this  stage  ;  a 
number  of  trial  experiments  must  be  performed  before  attaining  a  single 
positive  result.  At  times  a  succession  of  successful  reactions  have 
been  obtained,  but  I  have  never  been  able  to  fathom  the  particular 
circumstances  attending  the  success  of  the  experiments,  and  that  in  spite 
of  modifpng  the  general  conditions  of  the  animals  in  regard  to  feeding,  &c., 
in  many  ways  ;  a  distinct  impression  is  left  that  the  tendency  to  ventricular  ^ 
fibrillation  is  one  of  seasonal  incidence.  Under  experimental  conditions  with 
vascular  and  respiratory  recording  apparatus  the  difficulties  of  tliis  form 
of  research  are  multipled.  In  one  series  of  experiments  I  adopted  the 
method  of  Brooks,  by  this  means  follo"v\-ing  the  process  of  induction  from  the 
very  commencement,  but  under  these  conditions  the  heart  appears  to  be 
somewhat  less  liable  to  pass  into  an  irregular  condition  than  usual.  The 
preceding  operation  no  doubt  tends  to  depress  the  heart  and  exhaust  the 
suprarenals,  for  the  results  are  different  in  degree  from  those  observed  in 
normal  intact,  and  hence  vigorous,  animals. 

A  second  series  of  animals  was  submitted  to  a  preliminary  anaesthetisation 
by  pithing  the  cerebral  hemisphere  ;  but  this  method  has  Hkewise  proved 
unsatisfactory,  for  the  heart  appears  to  be  depressed  mider  such  circumstances 
and,  as  has  already  been  remarked,  the  ventricles  fail  to  fibrillate  even  when 
directly  stimulated  by  the  injection  of  adrenalin. 

The  effect  of  struggling.  In  one  experiment  with  Brooks'  method  I 
obtained  a  very  significant  tracing.  As  a  general  rule  in  this  method  the 
stage  of  muscular  excitement,  which  is  so  frequently  observed  in  normal  cats, 
is  suppressed,  but  in  this  single  animal  I  did  manage  to  induce  an  excitement 
stage  accompanied  by  struggling.  The  heart  thenceforth  assumed  an 
irregular  tachycardial  condition  which  very  c^uickly  passed  into  fibrillation 
of  the  ventricles,  and  a  precipitate  fall  of  blood-pressure  from  a  height  of 
180  mm.  took  place.  This  experiment  is  illustrated  and  fully  described  in 
Fig.  1!>.  There  was  no  excessive  intake  of  chloroform  in  this  experiment, 
even  if  such  be  a  possible  event  at  1%  concentration  ;  further,  the  chloroform 
was  stopped  before  death,  and  this  fact  may  have  even  accelerated  the 
syncope.  The  large  fluctuations  seen  in  the  respiratory  curve  are  not  wholly 
due  to  deep  breathing,  but  in  part  to  a  mechanical  disturbance  of  the  recording 
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))ag  through  muscular  movements,  and  in  fact  the  animal  must  have  been 
holding  its  breath  to  a  certain  extent  whilst  struggling,  for  the  colour  of  the 
left  auricle  was  darker  than  is  usual  in  death  from  ventricular  fibrillation. 

With  the  exception  of  the  exposed  artery  this  animal  Avas  otherwise 
intact,  and  the  experiment  may  be  taken  as  typical  of  what  happens  in  death 
from  struggling  in  the  early  stages  of  anaesthesia,  which  is  thus  proved  to 
conform  to  the  usual  type  of  death  from  ventricular  fibrillation  under  Hght 
anaesthesia  illustrated  in  previous  sections  of  this  paper,  I  have  on  many 
occasions  likewise  observed  struggUng  cause  an  already  irregular  heart 
to  fibrillate  in  the  course  of  the  later  stages  of  an  experiment,  but  these  were 
generally  fortuitous  occurrences  and  were  unrecorded.  Strugghng  is  most 
deadly  after  entire  removal  of  the  chloroform  or  after  it  has  been  reduced 
to  a  very  low  percentage. 

As  regards  the  mode  of  action  of  struggling  I  think  there  can  be  Uttle 
doubt.  For  some  time  the  relation  of  a  rise  of  blood-pressure  (the  mechanical 
effect  of  powerful  movement)  interested  me,  but  although  in  unanaesthetised 
animals  movement  gives  rise  to  considerable  alterations  in  blood-pressure,  in 
the  chloroformed  animal  this  effect  is  largely  negligible.  I  think  it  can 
hardly  be  doubted  that  the  onset  of  irregularities  is  the  outcome  of  a  state  of 
general  excitement,  affecting  the  sympathetic  as  well  as  the  somatic  nerve 
paths.  The  subjective  evidence  of  cardiac  acceleration  in  emotional  states 
is  a  commonplace  observance  ;  apart  from  this  it  has  been  shown  by  Cannon 
and  de  la  Paz,^  and  later  confirmed  by  Elliott,^  that  emotional  states,  such  as 
fright  or  anger,  are  accompanied  by  an  increased  secretion  of  adrenalin.  In 
this  way  in  all  probability  the  usual  double  effect,  accelerator  and  suprarenal, 
is  brought  to  bear  on  the  heart — just  as  it  is  in  the  case  of  ventricular 
fibrillation  following  a  sensory  stimulation.  Ventricular  fibrillation  may 
also  be  produced  under  chloroform  through  the  action  of  strychnine,  or  by 
pithing  the  spinal  cord,  and  in  fact  I  conclude  that  any  convulsive  nervous 
output,  such  as  that  which  may  be  said  to  accompany  struggling,  may 
result  in  a  cardiac  syncope  from  ventricular  fibrillation. 

It  is  thus  seen  how  the  excitement  phase  of  the  induction  period  is  a 
very  dangerous  one.  Violent  movements  are  liable  to  be  accompanied  by  the 
onset  of  cardiac  irregularities  which  may  quickly  pass  into  fibrillation  or  may 
constitute  the  precursors  of  fibrillation  from  other  causes.  The  onset  of 
these  irregularities  from  struggling  may  be  confirmed  with  the  utmost 
readiness  in  the  intact  animal  by  such  simple  means  as  placing  a  finger  over 
the  apex  beat,  or  by  the  use  of  a  stethoscope. 

The  effect  of  removing  or  decreasing  the  chloroform.  In  Fig.  20 
is  shown  the  result  of  taking  off  the  chloroform,  in  this  case  of  1% 
concentration,  in  the  course  of  the  earlier  stages  of  anaesthesia.  There 
is  a  prompt  increase  in  the  efficiency  of  the  heart's  action,  resulting  in  a  rise 
of  pressure,  and  a  subsequent  transition  into  an  irregular  tachycardia  of 
brief  duration.     I   have  had  many  opportunities   of  observing  a  similar 


C  IlLOROFORM     A  N  .E  S  T  H  E  S  I  A 


363 


reaction  at  later  stages  of  an«stlietisation  ;  the  heart  does  not  then  react  so 
promptly,  but  I  have  observed  on  several  occasions  ventricular  fibrillation 
to  occur  as  a  purely  spontaneous  sequence  to  a  ventricular  tachycardia 
induced  in  this  manner. 


l-i^ 


■20.      Jilood-pressm-e  curve  <ku-iug  the  later  stages  of  the  mduotiuu  of  arucsthesia  (Bruuks' 
method).      Caniuila  in  crtiral  artery.  .  i     •,  . 

The  Iieart  is  stimulated  bv  taking  off  1%  vapom-  and  passes  nito  a  phase  of  irregulan(> . 
The  heart  fails  to  respond  on  re-applying  a  2"o  vapotu-.  On  takmg  otl  2%  the  heart  responds 
once  more  bv  a  rise  of  blood -pressure.  A  gla.ss  tumbler  contammg  a  piece  of  wool  ^-aUirated 
with  chloroform  was  then  put  over  the  animals  head  ("  on  C  _  ,  eausmg  the  onset  of  an 
irrecnilar  tachvcardia.  A  lat^r  re-application  of  concentrated  chloroform  is  seen  to  cause  a 
rise"  of  blood :pressxire.  The  .signal  line  represents  the  50  mm.  pressure  level.  Ludwig 
manometer.      Time  in  seconds. 


Fic^.  21.  Ventricular  fibrillation  resulting  from  partial  recovery  from  chloroform  anaesthesia. 
°  At  the  begmniiig  of  the  tracing  the  kymograph  was  stationary  2-2%  being  ad mmistered; 
the  chloroform  was  reduced  to  1-5%  and  the  ch-nm  started.  Ihe  aiTow  inarks  the  moment 
of  entirely  removing  the  clUuroform.  At  one  point  the  drum  is  accelerated  to  deuiou.trate 
the  cardiac  irregularities.  For  fiu-ther  detaUslsoe  text  Hurtle  manometer  lime  m 
seconds.  Just  before  the  arrow  mark  the  tracmg  is  bhghtly  blurred  owmg  to  a  fault  m  the 
tracing  p;tpcr. 

I'ig.  21  illustrates  one  out  of  several  tracings  1  have  obtained  of  this  event. 

This  cat  had  been  under  a  2-2%  vapour  at  the  comineuccmcnt  of  the 

tracing.     The  result  of  reducing  the  vapour  to   1-5%  was  an  increase  lu 
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cardiac  action  and  a  rise  of  pressure  from  72  to  88  mm.,  the  rate  of  beat  being 
120  per  minute.  This  rhythm  suddenly  changed  to  a  bigeminal  beat,  and 
this  again  passed  into  an  irregular  tachycardia.  Forty  seconds  later  the 
chloroform  was  removed  entirely  ;  the  blood-pressure  continued  to  rise, 
and  after  a  period  of  intense  tachycardia  (about  360  beats  per  minute)  the 
ventricles  fibrillated.  This  occurred  about  45  seconds  after  removing  the 
chloroform,  the  ultimate  height  of  blood-pressure  being  102  mm..  The 
animal  was  perfectly  quiescent  throughout  the  experiment,  and  at  its 
termination  it  could  not  be  said  to  have  more  than  partially  recovered,  as  is 
evidenced  by  the  comparatively  low  level  of  the  blood- pressure  just  before 
fibrillation  occurred. 

In  this  and  in  several  similar  tracings  I  have  obtained  a  complete 
graphic  representation  of  such  events  as  have  been  described  in  previous 
pages  as  the  result  of  taking  off  the  chloroform,  and  the  process  is  demonstrated 
to  be  exactly  similar  to  that  resulting  from  the  action  of  adrenalin  or  that 
of  sensory  stimulation  in  that  an  initial  stage  of  cardiac  irregularities  precedes 
the  fibrillation. 

In  Fig.  8  the  effect  of  taking  off  the  chloroform  has  been  illustrated 
under  other  circumstances  ;  the  irregular  tachycardia  was  initiated  by  an 
irritation  of  a  sensory  nerve,  but  this  alone  would  not  have  served  to  throw 
the  ventricles  into  fibrillation  under  the  existing  concentration  of  chloroform, 
viz.,  1-5%,  it  was  only  on  taking  the  chloroform  away  altogether  that  this 
came  about.  In  this  way  irregularities  initiated  by  struggling,  or  in  other 
ways  during  the  induction  period  may  terminate  in  ventricular  fibrillation 
if  the  administration  be  subsequently  intermitted. 

Similarly  I  have  seen  on  one  occasion  ventricular  fibrillation  occur  on 
ceasing  the  administration  of  a  high  percentage  of  vapour  on  account  of 
signs  of  an  impending  overdosage,  the  breathing  having  become  nearly,  but 
not  quite,  suppressed.  The  blood-pressure  then  rose  rapidly,  the  heart 
became  irregular,  and  the  ventricles  fibrillated  at  a  blood-pressure  of  122  mm.. 
It  is  easy  to  understand  how,  but  for  the  fortunate  accident  of  a  tracing, 
such  a  fatal  result  might  have  been  attributed  to  cardiac  depression  alone 
from  excessive  chloroform. 

It  is  an  open  question  whether  in  the  earlier  stages  of  ansesthetisation 
another  factor  may  not  assist  in  bringing  about  a  fatal  result  :  this  is  the 
stimulation  of  the  nasal  mucous  membranes  by  a  change  from  chloroform 
vapour  to  pure  air.  This  is  not  a  mere  fanciful  suggestion,  for  undoubtedly 
this  change  of  atmosphere  does  stimulate  the  nasal  mucosa,  as  is  evidenced 
by  the  severe  fits  of  sneezing  which  frequently  follow^  immediately  upon 
removal  of  the  chloroform.  The  onset  of  fibrillation  is  sometimes  so  rapid 
that  it  does  seem  at  least  possible  that  a  reflex  factor  such  as  this  may  be 
involved. 

The  onset  of  spontaneous  irregularities  on  a  transition  to  a  lighter 
degree  of  anaesthesia  is  a  conspicuous  event  at  all  stages  in  the  course  of 
experiments  under  chloroform.     If  the  transition  be  a  gradual  one,  as  may  be 
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the  case  when  the  heart  has  been  under  the  influence  of  chloroform  for  some 
time,  the  irregularities  may  appear  in  a  graded  sequence  from  single 
extrasystoles  up  to  the  more  complicated  tachycardias,  a  sequence  which  is  in 
conformity  with  the  view  that  these  different  forms  of  irregularities  are 
expressions  of  progressive  grades  of  the  same  pathological  process  {vide  Levy 
and  Lewis^^).  In  Fig.  22  is  illustrated  such  a  slow  transition  arising  from 
the  substitution  of  a  0-5%  vapour  for  a  2-7%  vapour.  As  the  animal  j^asses 
into  a  lighter  degree  of  anaesthesia  the  blood-pressure  rises  and  the  heart 
accelerates  slightly  so  long  as  it  remains  regular,  starting  at  a  rate  of  144  beats 
per  minute  and  finishing  at  a  rate  of  156  per  minute  just  previous  to  the  onset 
of  the  first  extrasystole,  the  blood-pressure  having  in  the  meantime  risen  from 
88  mm.  to  118  mm..  Following  this  the  heart  again  becomes  regular  for  a 
few  seconds  and  then  breaks  into  a  sequence  of  trigeminal  beats,  followed 
by  a  series  of  mixed  bigeminal  and  trigeminal  beats.  Finally  a  rapid 
indecipherable  tachycardia  ensues,  broken  at  irregular  intervals  by  long 
pauses.* 

The  most  intense  irregularities  in  such  cases  appear  in  the  fighter  degrees 
of  anaesthesia,  the  intermediate  forms  in  the  intermediate  degrees  of  anaesthesia. 
It  is  not  my  view,  however,  that  chloroform    in    a    particular    degree  of 
concentration  can  of  itself  initiate  a  specific  form  of  irregularity,  but  the 
onset  of  irregularities  is,  I  beheve,  conditioned  by  the  change  of  cardiac  state 
involved  in  the  progress  from  deep  to  light  anaesthesia  ;    as  the  change 
progresses  the  irregularities  become  more  marked.     Chloroform  serves  to 
render  the  ventricles  irritable,  i.e.,  Hable  to  exhibit  beats  of  heterogenetic 
and  ectoijic  origin,  but  these  only  occur  when  it  is  subjected  to  some  further 
form  of  exciting  cause,  such  as  a  cardiac  stimulation.     The  heart  may  be 
maintained  beating  at  a  perfectly  regular  rate  even  when  lightly  anaesthetised 
so  long  as  the  anaesthesia  is  a  level  and  unchanging  one,  and  no  other  disturbing 
influence  is  at  work,  such  as  arise  from  sensory  stimulations.     This  is  best 
seen  in  the  intact  animal.     If  a  cat  be  anaesthetised  gradually  with  chloroform 
and  kept  quiet  and  undisturbed   the    whole   time,    the    heart  continues   to 
beat  regularly  even  when  the  anaesthesia  is  light.     Thus  in  one  instance  a 
cat  was  anaesthetised  with  a  1%  vapour,  it  was  petted  and  stroked,  and 
remained  perfectly  quiescent  until  it  became  unconscious.     The  same  vapour 
was  administered  continuously  for  thirty  minutes,  and  the  heart  remained 
perfectly  regular  the  whole  time.f     If,  however,  in  a  cat  so  anaesthetised,  the 
chloroform  be  entirely  removed,  the  heart  is  hable  to  become  irregular,  and 
the  ventricles  may  eventually  fibrillate.     Similarly,  irregularities  may  appear, 
not  on  total  withdrawal,  but  on  a  change  to  a  fighter  degree  of  anaesthesia 
alone,  and  I  have  little  doubt  that  the  exciting  cause  of  the  ectopic  beats  is 
identified  in  the  change  of  cardiac  state  involved  in  its  release  from  the 


*  Indicated  by  the  drops  in  the  curve. 


t  A  like  result  was  obtained  on  administering  0-7%  chloroform  for  over  an  hour.     A  few 
extrasystoles  were  in  this  case  noted  during  a  short  period  of  violent  retching. 
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depressing  action  of  the  chloroform,  this  release  being,  in  effect,  the  equivalent 
of  a  cardiac  stimulation,  just  as  release  from  the  depression  of  vagal  control 
is  the  equivalent  of  a  cardiac  stimulation. 
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The  depression  of  cardiac  'function  by  chloroform  is  an  accepted  fact, 
and  1  need  give  but  a  single  reference  in  this  connection,  viz.,  the  work  of 
fcjherrington    and   Sowton-**   upon   the   isolated   mammahan   heart.     These 
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oxperiments  demonstrate  a  progressive  depression  of  the  force  of  ventricular 
contraction  down  to  extinction  on  perfusion  with  solutions  of  chloroform  of 
progressive  strengths,  the  rate  of  heart  beat  remaining  unaltered  ;  on  washing 
out  the  chloroform  from  the  heart  this  regains  its  full  force  of  action 
once  more. 

In  the  intact  animal  a  similar  effect  is  noted  ;  on  removing  the  chloroform 
the  blood-pressure  rises,  mainly  through  the  increased  efficiency  of  the  heart 
beat ;  there  is  also,  how^ever,  in  this  case,  distinct  evidence  of  acceleration  on 
recovery,  but  this  is  never,  so  far  as  I  have  observed,  a  very  marked 
acceleration,  comparable,  for  instance,  with  that  resulting  from  section  of  the 
vagi  (I  am  speaking,  of  course,  of  rhythmic  acceleration  only,  and  not 
accelerations  due  to  heterogenetic  beats).  In  the  instance  already  cited 
(Fig.  22)  the  acceleration  was  144-156  with  a  pressure  rise  of  30  mm.  ;  in 
another  instance  the  change  of  rate  was  127-150  with  a  pressure  rise  of  35 
mm.  ;  in  yet  another  case  the  change  of  rate  was  108-144  with  a  pressure  rise 
of  26  mm..  It  must  be  admitted  therefore  that  this  form  of  stimulation  is 
possibly  somewhat  different  from  that  occurring  on  section  of  the  vagi,  and 
it  appears  probable  that  the  stimulation  arising  from  recovery  of  depression 
caused  by  chloroform  affects  the  heart  mainly  in  resj^ect  of  one  of  its  functions, 
viz.,  its  force  of  action.  This  particular  function  is  predominantly  affected 
by  the  action  of  adrenalin,  it  is  affected  equally  with  acceleration  as  a  result 
of  nervous  stimulation  or  of  vagal  section,  and  it  is  thus  uniformly  affected 
in  all  my  experiments  ;  it  is,  however,  impossible  to  allocate  at  present 
to  any  one  function  of  the  heart  a  chief  part  in  the  mechanism  of  the 
production  of  ventricular  irregularities  ;  all  the  functions  so  far  as  is  yet 
known  may  play  a  part. 

These  considerations  afford  an  indication  of  the  manner  in  which  high 
percentages  of  chloroform  vapour  serve  as  a  protection  from  the  incidence 
of  ectopic  beats  and  ventricular  fibrillation.  Apart  from  its  depression  of  the 
reflex  nerve  centres,  deep  narcosis  tends  to  depress  and  dilate  the  ventricles, 
and  thus  by  a  direct  cardiac  action  counteracts  the  effects  of  stimulation, 
either  totally,  so  that  the  heart  remains  regular,  or  in  part,  so  that  although 
abnormal  beats  may  be  excited,  yet  the  stimulation  cannot  produce  its  most 
profound  effect,  viz.,  ventricular  fibrillation. 

Interesting  support  to  the  above  observations  and  considerations  is 
afforded  in  some  casual  observations  by  Sherrington  and  Sowton^^  in  their 
experiments  already  referred  to.  In  a  table  of  results  (British  Medical 
Journal,  July  the  23rd,  1904,  p.  168),  it  is  noted  that  on  washing  out  a  strong 
chloroform  solution  from  the  perfused  heart  and  thus  allowing  it  to  recover, 
it  was  liable  to  pass  through  a  stage  of  fibrillar  contractions.  I  gather  that 
this  was  observed  in  the  recovery  stage  only,  and  never  during  continuous 
administration  with  any  concentrations  of  chloroform  in  the  perfusion  fluid. 
These  observations  are  likewise  interesting  as  tending  to  confirm  my 
suggestion  that  the  ventricular  fibrillation  arising  from  stimulation  of  the 
heart  under  chloroform  is  an  intracardiac  and  not  a  nervous  phenomenon. 
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The  re-application  of  chloroform.  It  has  been  seen  how  reduction  of  the 
anaesthetic  may  initiate  cardiac  irregularities,  which  may  terminate  spon- 
taneously in  fibrillation,  or  may  terminate  in  fibrillation  as  a  result  of  the  added 
stimulus  of  struggling  or  of  re-application  of  the  vapour.  This  latter 
procedure  has  now  to  be  considered.  When  first  noted,  I  was  unable  to 
decide  whether  death  was  a  post  hoc  or  propter  hoc  effect  of  re-application,  but 
the  great  frequency  with  which  the  two  events  have  been  associated  leaves 
no  room  for  doubt  that  the  one  is  the  exciting  cause  of  the  other. 

I  have  already  cited  several  cases  of  death  from  this  cause  which  prove 
that  it  may  be  brought  about  by  chloroform  vapour  of  ordinary  anaesthetic 
strength,  i.e.,  at  or  under  2%,  but  it  does  appear  to  be  more  readily  conditioned 
by  a  vapour  of  higher  concentration,  and  by  using  such  stronger  vapours 
graphic  records  have  been  obtained  on  several  occasions.  In  Fig.  20  the 
effect  of  re-application  in  the  earlier  stages  of  administration  is  shown  ;  2% 
is  ineffective,  but  a  concentrated  vapour  causes  the  heart  to  pass  into  an 
irregular  tachycardia.  I  have  on  several  occasions  been  enabled  to  obtain 
tracings  showing  ventricular  fibrillation  as  a  result  of  re-applying  a  concent  rated 


Fig.  23.  Ventricular  fibrillation  resulting  from  the  sudden  administration  of  a  concentrated 
vapour  to  a  cat  which  had  not  been  inhaling  any  cliloroform  for  two  minutes,  the  heart 
exhibiting  a  rapid  irregular  tachycardia.  The  animal  was  perfectly  quiescent  but  the 
application  caused  a  slight  general  reflex  spasm,  and  was  almost  immediately  followed  by 
V.F.  The  arrow  marks  the  moment  of  re-apphcation.  Hiirtle  manometer.  Time  in 
seconds. 

vapour  to  an  animal  not  under  any  anaesthetic  at  the  moment,  and  in  which 
the  heart  was  already  in  a  state  of  tachycardia  ;  Fig.  23  shows  this  reaction 
very  well.  In  this  case  the  reaction  was  almost  instantaneous,  as  it  generally 
is,  but  it  may  be  delayed  as  much  as  30  seconds  from  the  moment  of 
re-application.  It  is  conclusively  shown  in  this  tracing  that  the  cardiac 
syncope  was  not  the  result  of  an  '"  overdose  "  in  the  ordinary  sense  of  the 
w^ord,  although  the  vapour  Avas  certainly  very  strong,  being  exhibited  by 
putting  absorbent  wool  containing  a  considerable  quantity  of  chloroform 
into  a  glass  tumbler,  and  putting  this  over  the  head  of  the  cat.  There  was, 
however,  not  sufficient  time  before  syncope  occurred,  for  the  vapour  to 
produce  any  depressing  efifect,  as  is  evidenced  by  the  fact  that  the  blood- 
pressure  at  its  final  elevation  was  152  mm..  The  cat  was,  in  fact,  still  lightly 
anaesthetised  when  it  died. 
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When  a  strong  irritating  vapour  is  given  suddenly  to  a  lightly 
anaesthetised  cat  it  may,  and  often  does,  cause  the  animal  to  struggle,  and  this 
struggling  alone  may  then  of  course  account  for  fibrillation.  When  struggling 
does  not  occur,  a  slight  general  muscular  twitch  is  frequently  observed  at  the 
moment  of  re-aiDplication  ;  the  animal  appears  to  become  shghtly  tense,  as 
was  the  case  in  the  experiment  from  which  Fig.  23  was  taken,  and  this  fact 
points  to  the  probability  that  the  onset  of  fibrillation  is  conditioned  largely 
by  a  reflex  sensory  stimulation,  just  as  an  irritant  vapour  like  ammonia 
produces  a  reflex  cardiac  effect. 

Apart  from  the  above  considerations  it  appears  probable  that  the  first 
effect  of  chloroform  upon  the  heart  is  a  stimulating  one,  and  there  is  in  fact 
direct  evidence  of  this  in  the  experiments  of  Sherrington  and  Sowton-® 
already  alluded  to  ;  the  effect  is  not  a  very  marked  one,  but  it  is  perfectly 
evident  and  is  remarked  upon  by  the  authors.  In  this  respect  chloroform 
shares  with  most  other  anaesthetics  the  property  of  being  a  stimulant  in  the 
initial  stages  of  its  action. 

It  is,  therefore,  highly  probable  that  the  effect  of  re-suhjecting  the  heart 
to  chloroform,  after  having  allowed  the  former  effects  of  the  anaesthetic  to 
partially  wear  off,  is  a  further  stimulation  of  the  ventricles  through  both 
reflex  and  direct  means,  and  in  this  way  constitutes  a  further  exciting  cause 
of  ventricular  fibrillation. 

The  fact  that  the  re-application  effect  is  more  readily  observed  when  the 
vapour  is  strong  constitutes,  so  far  as  I  have  observed,  the  only  particular 
instance  in  which  a  strong  vapour  more  readily  conduces  to  ventricular 
fibrillation  than  a  weak  one,  and  this  greater  facility  of  causing  syncope 
with  a  stronger  vapour  in  this  single  set  of  circumstances  has,  I 
believe,  been  mainly  responsible  for  the  support  which  has  been  accorded  to 
the  idea  that  all  deaths  under  chloroform  are  the  result  of  overdosage.  To 
this  point  I  shall  refer  again  later. 

(f )   The  apTparently  spontaneous  deaths  in  man  during  the  induction  and  recovery 

periods  of  chloroform  ancesthesia. 

I  have  dealt  at  considerable  length  with  the  induction  stage  of  chloroform 
anaesthesia  in  animals,  because  it  is  one  of  great  practical  importance,  for  a 
majority  of  the  deaths  in  the  chloroformed  human  subject  occur  before  the 
operation  has  been  commenced.  It  is  stated  {vide  Leonard  Hill,  British 
Medical  Journal,  April  the  17th,  1897)  "that  in  one  year,  out  of  fortj^-one 
recorded  deaths  from  chloroform,  thirty-nine  occurred  during  the  primary 
stage  of  ansesthetisation  and  before  the  surgeon  had  touched  the  patient." 
In  John  Snow's  book  fifty  fatalities  are  recorded,  and  out  of  these  twenty-eight 
occurred  before  the  operation  was  started. 

In  an  appendix  to  the  Eeport  of  the  Anaesthetic  Committee  of  the 
British  Medical  Association  (July,  1900)  there  is  a  collection  of  chloroform 
fatalities  which  appeared  in  the  press  in  the  year  1892.  These  deaths  number 
twenty-four,  and  of  them,  fourteen  occurred  during  the  period  of  induction  of 
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anfesthesia,  and  four  (Nos.  4,  7,  15  and  18)  after  completion  of  the  operation 
and  while  the  patient  ^vas  recovering.  Out  of  these  fourteen  induction  cases 
seven  were  too  briefly  reported  to  allow  of  any  analysis  (Nos.  1,  0,  10,  11,  17, 
20  and  22).  In  one  case  (No.  2)  death  was  obviously  due  to  intermission  as  the 
chloroform  container  of  the  Junker  inhaler  became  detached,  a  fact  which  was 
discovered  after  death.  In  one  case  (No.  13)  struggling  followed  hy intermission 
was  the  cause  of  death.  In  three  cases  (Nos.  5,  18  and  12)  strnggJiyig  alone 
killed  the  patient.  In  one  case  (No.  23)  struggling  and  re-application,  and 
in  the  other  (No.  16)  a  fit,  described  as  epileptic,*  immediately  preceded 
death.     The  remaining  cases  are  referred  to  later  in  this  paper. 

I  give  here  a  single  instance  of  a  completely  reported  case  taken  from 
Snow's  book  on  Anaesthetics  ;  it  serves  as  an  excellent  clinical  counterpart 
to  some  of  the  cases  of  death  during  induction  in  cats  related  in  this  pa]Der, 
all  the  three  causal  factors  of  syncope,  viz.,  excitement  and  struggling, 
intermission  and  re-application  being  particularly  well  defined.  There  can  be 
no  question  but  that  tliis  man  died  from  ventricular  fibrillation. 

CASE  17.  "  The  patient,  a  man,  thirtj'  years  of  age,  was  affected  with  hj'drocoele.  The 
chloroform  was  poured  on  a  little  cotton,  which  was  placed  at  the  small  end  of  a  cone,  into  which 
the  folded  towel  made  use  of  was  rolled.  About  a  drachm  and  a  half  was  first  poured  on  the 
cotton,  and  the  patient  was  told  to  inhale  in  long  and  deep  inspirations.  This  quantitj'  being 
nearly  evaporated  in  two  or  three  minutes,  a  drachm  more  was  added.  After  a  few  inspirations 
rigidity  and  struggling  came  on  ;  these  subsided,  but  in  a  httle  time  returned  more  strongly  than 
before,  and  the  towel  was  removed  from  the  face  luitil  the  strugghng  ceased.  The  patient, 
however,  not  being  sufficiently  insensible  to  undergo  the  operation  with  the  necessary  quietness, 
the  towel  was  re-applied,  when,  after  a  few  inspirations,  the  pulse  suddenly  ceased.  The  face 
and  the  whole  surface  of  the  body  turned  pale,  the  ej^es  rolled  upwards  and  inwards,  and  the 
breathing  became  very  slow,  but  full  and  deep,  the  intervals  between  the  inspirations  becoming 
longer,  until  the  respiration  ceased  altogether.  The  patient  died  before  the  operation  was  begun, 
and  within  five  minutes  from  the  commencement  of  inhalation.  During  the  apphcation  of  various 
means  of  resuscitation,  including  the  dropping  of  cold  water  guttatim  on  the  epigastrium,  the 
breathing  returned  and  continued  for  the  space  of  tlu-ee  or  four  minutes  ;  but  the  pulse  and 
sounds  of  the  heart  did  not  return." 

The  exact  procedure  adopted  during  induction  is  rarely  recorded  in 
reports  of  chloroform  syncope.  The  method  is  generally  an  intermittent  one, 
and  is  frequently  characterised  by  a  loant  of  method.  The  patient  may  be 
inhaling  chloroform  one  minute  and  inhaling  none  the  next,  so  that  the 
administrator  may  be  unaware  of  the  extent  of  the  intake  of  vapour,  much 
less  be  able  to  report  it.  I  have,  however,  selected  three  other  cases  of  death 
during  the  induction  period  for  insertion  in  the  Appendix  to  this  paper 
(Nos.  3,  4  and  5)  as  they  present  points  of  some  interest ;  in  one  of  them  the 
percentage  of  vapour  inhaled  is  recorded. 

In  those  cases  in  which  the  patient  dies  during  recovery  from  anaesthesia 
on  completion  of  an  operation,  the  anaesthetist's  attention  is  usually  relaxed, 
and  precise  details  are  in  consequence  lacking.  The  following  is  a  typical 
report  of  this  kind  : 

Lancet,  September  the  11th,  1897.  "  A  boy,  aged  fifteen  j'ears,  had  been  anaesthetised  with 
chloroform  for  the  removal  of  post-nasal  adenoids.  The  operation  had  been  completed  and  the 
anaesthetic  withdrawn,  when  the  patient  was  noticed  to  be  breathing  deeply.  The  operator  observed 
8ome  peculiaritj'  about  the  colotu"  of  the  face,  but  was  reassiored  by  the  presence  of  free  respiration. 
The  respirations,  however,  suddenly  ceased,  and  all  efforts  to  resuscitate  the  patient  failed." 

*  A  so-called  epileptic  fit  is  not  infrequently  alluded  to  in  reports  of  chloroform  fatalities. 
It  probably  corresponds  to  the  terminal  asphyxial  con^nolsions  noted  in  my  experiments. 
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Discussion. 

The  facts  given  in  tliis  paper  throw  an  entirely  new  hght  upon  the 
cause  of  death  under  chloroform,  and  provide  data  comx^etent  to  explain 
every  form  of  death  under  chloroform  which  has  been  described  in  the 
human  subject.  A  few  t^-pical  cases  have  been  described  in  this  paper,  but 
a  full  chnical  discussion  of  these  new  facts  must  be  reserved  for  a  paper 
dealing  more  particularly  with  this  aspect  of  the  matter. 

The  large  mortahty  incidence  of  the  induction  period  in  the  human 
subject  is  fully  explained  on  the  basis  of  my  theory  of  death  under  chloroform  ; 
the  induction  stage  is  par  excellence  the  stage  of  hght  anaesthesia  ;  it  is 
moreover  the  stage  of  excitement.  Very  httle  chloroform  has  been  packed 
away  in  the  tissues  of  the  body  in  the  earliest  stages  of  administration,  and 
this  httle  is  excreted  vdth.  remarkable  rapidity  on  lessening  the  alveolar 
vapour  tension  of  chloroform,  and  hence  the  patient  "  comes  round  "  Avith 
great  readiness  ;  this  is  a  fundamental  chnical  experience.  It  is  remarkable 
that  the  prevalence  of  death  in  the  induction  period  has  never  before  been 
associated  with  tliis  period,  regarded  as  one  of  light  ancesthe-sia. 

In  the  series  of  twentj^-four  cases  referred  to,  pubhshed  in  the  Aj)pendix 
to  the  Ahsesthetic  Committee's  Report,  eighteen  have  already  been  mentioned 
as  occurring  during  the  induction  and  recovery  stages.  In  the  remaining  six 
the  operation  had  been  commenced.  One  of  these  (Xo.  19)  was  an 
unexplained  case  of  "  respiratory  failure  "  occurring  after  the  patient  was 
put  back  to  bed.  In  two  (Xos.  14  and  26)  the  death  was  caused  by 
re-ajyplication  after  an  interval  during  which  no  anaesthetic  was  given,  in 
the  early  stages  of  operation.  In  one  case  (Xo.  24)  death  occurred  on  the 
first  incision,  and  in  the  remaining  case  (Xo.  25)  the  patient  died  in  the  early 
stages  of  operation,  having  shown  abundant  e\-idences  of  imperfect 
anaesthesia. 

It  is  a  remarkable  fact  that  in  not  one  of  these  cases  was  there  any 
suggestion  that  an  overdose  of  chloroform  had  been  given,  or  in  fact  any 
evidence  to  support  such  a  view.  This  indeed  is  the  common  story — the 
evidences  of  hght  anaesthesia  entirely  outweigh  those  of  deep  in  nearly  every 
case  in  which  sufficient  chnical  details  are  given  to  enable  one  to  form  an 
opinion. 

It  is  not  surprising  that  the  Anaesthetics  Committee  arrived  at  certain 
sweeping  conclusions  regarding  the  dangers  of  incomplete  anaesthesia  (see 
pages  122  and  123  in  their  Report).  These  conclusions  were  based  on  an 
elaborate  analysis  of  a  large  number  of  reports  of  cases,  mainly  cases  of  the 
administration  of  chloroform  and  its  mixtures,  and  they  constitute  the 
strongest  possible  support  to  my  views  regarding  the  source  of  danger  under 
chloroform  ;  it  is  in  fact  almost  incomprehensible  that  the  bearing  of  this 
valuable  report  should  not  have  been  better  appreciated.  Tins  danger 
of  hght  aneesthesia  as  opposed  to  deep  is,  it  is  pointed  out,  associated  with 
the  administration  of  chloroform,  and  not  of  ether. 
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The  following  important  conclusions  in  regard  to  chloroform  are  stated 
among  the  final  general  conclusions  in  this  report  : 

"  XVI.  When  danger  occurs  under  chloroform,  whatever  its  exact 
nature  may  be,  there  is  abundant  evidence  that  in  a  large  proportion  of  cases 
the  symptoms  that  are  observed  are  those  of  primary  circulatory  failure." 

"  XVII.  Imperfect  anaesthesia  is  the  cause  of  a  large  number  of  cases 
of  danger  under  chloroform." 

"  XIX.  Struggling  is  very  much  more  frequent  in  the  complicated 
cases  under  chloroform  than  in  the  uncomplicated,  and  this  phenomenon 
must  therefore  be  regarded  as  a  source  of  grave  danger  under  chloroform." 

In  the  face  of  these  findings,  it  is  somewhat  surprising  to  find  that  the 
accepted  theory  of  death  under  chloroform  remains  that  of  overdosage,  and 
the  accepted  theory  of  safe  administration  is  the  limitation  of  the  strength 
of  vapour  to  the  very  lowest  point  of  efficiency. 

It  is  impossible  within  the  scope  of  this  paper  to  deal  with  the  immense 
amount  of  controversial  literature  upon  the  subject  of  chloroform  syncope, 
or  to  follow  the  work  which  has  led  to  the  adoption  of  this  theory,  but  the 
main  features  are  as  follows  : — 

One  of  the  earliest  and  most  scientific  workers  on  chloroform,  John 
Snow, 2'  expresses  himself  as  follows  (pp.  120-121)  : — 

"  If  it  were  possible  for  a  medical  man  to  mistake  or  disregard  the  symptoms  of  approaching 
danger,  and  to  go  on  exhibiting  vapour  of  chloroform,  diluted  to  a  proper  strength,  till  the  death 
of  the  patient,  this  event  would  take  place  slowly  and  gradually,  as  in  Experiment  23,  related 
above,  and  every  other  experiment  in  which  the  air  did  not  contain  more  than  five  per  cent,  of 
vapoiu".  The  action  of  the  heart  would  survive  the  respiration  ;  there  would  be  a  great  tendency 
to  spontaneous  recovery,  and  the  patient  would  be  easily  restored  by  artificial  respiration,  if  it 
were  performed  whilst  the  heart  was  still  acting  ;  as  I  have  always  found  it  to  he  successful  in 
animals  under  these  circumstances.'''' 

The  truth  of  these  words  is  practically  admitted  by  all  subsequent 
observers  ;  Paul  Bert,i  working  with  vapours  up  to  5-4%  strength,  concluded 
likewise  that  the  heart  always  continued  to  beat  after  the  cessation  of  the 
respiration  as  a  result  of  overdosage.  I  may  add  on  my  own  authority  i*-*  that 
chloroform,  when  administered  to  the  human  subject  by  ordinary  methods, 
cannot  exceed  6%  in  concentration  and  can  rarely  approach  that  value. 
There  is  no  evidence  to  show  that  higher  percentages  than  G%,  when 
contimiously  administered  till  overdosage  ensues,  will  affect  the  heart  in  any 
other  fashion,  or  that  recovery  is  any  the  less  possible  when  promptly 
attempted.  Observations  on  the  continuous  administration  of  vapours  of 
higher  than  6%  value  are  wanting  so  far  as  I  am  aware  ;  but  there  is  no  reason 
to  believe  that  the  heart  is  in  such  cases  affected  in  any  different  manner  : 
such  observations  would  be  in  any  case  of  little  practical  importance,  for 
these  percentages  are  outside  the  range  of  ordinary  usage. 

How  then  does  the  theory  of  sudden  death  from  overdosage  come  about  ? 
Snow  was  well  aware  that  all  fatal  cases  of  chloroform  syncope  were  due  to 
primary  cardiac  failure,  and  the  Anaesthetics  Committee  so  recently  as  1900 
came  to  a  very  similar  conclusion.     Unfortunately  Snow  Avas  the  servant 
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of  his  method,  viz.  :  the  titration  of  doses,  and  he  appears  to  have  sacrificed 
his  better  judgment  in  the  interests  of  this  method.  He  apparently  searched 
about  until  he  found  a  procedure  which  appeared  to  prove  that  very  strong 
vapour,  i.e.,  8%  to  10%,  would  produce  the  primary  cardiac  failure  he  was 
looking  for.  The  fallacy  underlying  Snow's  conclusions  will  be  apparent 
from  the  following  quotations  from  his  book  : — 

Page  116.  "In  every  instance  in  which  the  quantity  of  vapour  in  the  air  breathed  bj-  the 
animals  was  from  three  to  six  per  cent.,  the  respiration  ceased  whilst  the  sounds  of  the  heart 
were  still  ver\-  distinct  j   in  many  instances  the  heart  continued  to  beat  from  two  to  three  minutes 

after  the  breathing  had  ceased ^Mien,  on  the  other  hand,  the  air  breathed  by  the 

animals  contained  eight  or  ten  per  cent.,  or  upwards,  of  vapour  or  chloroform,  the  action  of  the 
heart  was  always  seriously  affected  and  rendered  extremely  feeble,  if  it  did  not  actually  cease, 
at  the  time  the  breathing  was  arrested.  In  several  instances,  indeed,  the  sounds  of  the  heart 
entirely  ceased  before  the  breathing,  as  in  Experiment  25,  and  although  the  chloroform  was 
withdrawn it  very  rarely  had  the  effect  of  restoring  the  heart's  action." 

The  experiment  Xo.  25  referred  to  above,  and  upon  which  Snow  relies 
as  one  of  his  chief  arguments  in  favour  of  the  occurrence  of  sudden  and 
permanent  heart  failure  as  the  result  of  overdosage,  may  be  briefly  abstracted 
as  follows  : — 

Page  111.  "  A  cat  was  placed  in  a  jar  containing  4%  chloroform  vapour.  It  was  removed 
in  a  passive  state  at  the  end  of  two  and  a  haK  minutes.  The  respirations  and  heart  sounds  were 
quite  natural.  It  was  then  made  to  breathe  through  an  inhaler  yielding  a  strong  vapour  (presumed 
to  be  about  10*^0)-  After  four  or  five  inspirations  from  the  inhaler  the  heart  ceased  to  beat,  the 
respirations  still  going  on.  The  inhaler  was  removed  when  the  heart  ceased  to  beat,  and  there 
were  two  or  three  rather  con\-ulsive  respirations  afterwards,  and  then  the  breathing  stopped. 
The  chest  was  opened  ten  minutes  after  death.  The  heart  appeared  quite  motionless  when  first 
observed,  but  after  exposure  to  air  for  a  short  time,  there  were  some  shght  contractions  of  a  few 
fibres  of  the  right  ventricle." 

Overdosage  had  no  direct  relation  to  the  fatal  result  of  this  exj)eriment, 
for  the  procedure  was  that  of  intermission  and  re-application  which  I  have 
repeatedly  demonstrated  to  result  in  fatal  syncofje  with  vapours  of  ordinary 
anaesthetic  concentration.  It  is,  for  instance,  strictly  comparable  with  case 
No.  14  on  page  357  in  which  the  strength  of  vapour  never  exceeded  2°q. 

In  the  whole  of  the  experiments  upon  which  Snow  founded  his  theory 
of  primary  cardiac  syncope  from  the  inhalation  of  strong  chloroform  vapour 
(those  which  he  has  pubhshed  are  but  few  in  number)  similar  confusing 
factors  are  palpable,  that  is  to  say,  interrupted  administration,  strugghng 
and  re-application  of  vapour.  In  fact  there  would  not  apjjear  to  be  anything 
in  these  experiments  that  cannot  be  produced  by  an  ordinary  anaesthetic 
strength  of  vapour.     {Vide  p.  IIU  in  Snow's  book.) 

Snow's  comments  upon  the  fifty  collected  cases  of  chloroform  fataUty 
are  a  revelation  in  perverted  interpretation.  In  many  the  evidence  of 
primary  cardiac  syncope,  which  he  acknowledges,  is  graphically  described, 
but  at  the  same  time  the  evidences  of  hght  anaesthesia  are  remarkably  clear  ; 
yet  Snow  persistently  ascribed  these  deaths  to  the  action  of  an  excessive 
vapour  of  over  8%,  In  some  of  these  cases  Snow's  own  inhaler  was  employed, 
which  he  estimated  did  not  supply  more  thana4%  vapour,*  but  this  fact  did 
not  suffice  to  satisfy  him  of  his  error. 

*  ISorinalJy  this  apparatus  does  not  yield  more  than  3-5"o  vapour  with  a  medium  force  oi 
inspiration. 


374  A.    GOODMAN    LEVY. 

Unfortunately  chloroform  research  has  followed  on  much  the  same  lines 
ever  since  ;  no  doubt  the  fact  that  a  strong  vapour  is  more  effective  than  a 
weak  one  in  producing  the  "  re-application  "  effect  has  conduced  to  the 
survival  of  this  error.  MacWilliam"^  fell  into  exactly  the  same  pitfall.  Ho 
observed  sudden  cardiac  failure  in  three  instances  in  cats,  and  on  the  evidence 
of  these  instances  alone  he  appears  to  have  satisfied  himself  that  primary 
cardiac  syncope  may  occur  as  a  result  of  overdosage.  These  three  cases  are 
fully  described  ;  they  belong  most  distinctly  to  the  category  of  death  from 
intermission  and  re-application,  and  are  undoubtedly  the  result  of  ventricular 
fibrillation. 

There  is,  Avith  the  excej)tion  of  Embley's  work,  no  other  experimental 
evidence  ujjon  which  a  theory  may  be  formulated  of  death  from  primary 
cardiac  syncope  under  chloroform  as  a  result  of  overdosage. 

Dr.  Embley's^  work  on  the  vagal  phenomena  of  the  induction  period 
is  too  AA'cU  known  to  require  much  comment,  but  his  results  are  of  somewhat 
doubtful  practical  significance.  The  liability  of  the  heart  to  vagal  inhibition 
was  demonstrated  in  animals  which  had  been  very  heavily  dosed  with  morphia 
in  addition  to  chloroform,  0-25  to  0-5  grammes  of  morphia,  and  the  tendency 
of  morphia  to  favour  vagus  effects  is  well  known. 

Embley  likewise  reproduces  tAAO  tracings  M'hich  demonstrate,  in  non- 
morphinised  animals,  a  similar  cardiac  inhibition  occurring  at  a  blood- 
pressure  level  of  25  mm.  Hg.  or  thereabouts,  as  a  terminal  event  following 
the  administration  of  concentrated,  unmeasured,  doses  of  chloroform, 
sufficient  to  depress  the  heart  rapidly.  Such  experiments  have  no  clinical 
counterpart,  and  further  there  can,  I  think,  be  no  question  at  all,  on  the 
evidence  of  Embley's  own  tracings,  that  the  heart  so  inhibited  is  subject 
to  recovery  in  every  case  on  the  prompt  application  of  restorative  measures. 
Embley's  experiments  never  favoured  the  chances  of  recovery,  although  the 
tendency  to  recovery  Avas  obAdous,  and  it  still  remains  to  be  shoAA'n  that  this 
vagal  effect  of  overdosage  may  be  in  fact  a  cause  of  irrecoverable,  i.e.,  fatal 
inhibition  of  the  heart. 

There  remains  the  prevalent  idea  that  sudden  death  may  result  from  the 
reflex  inhibition  of  the  heart  through  the  vagi,  although  this  of  course  has 
no  relation  to  overdosage.  This  theory  I  have  already  discussed  at  some 
length  on  page  347,  and  I  have  shoAvn  that  there  is  no  valid  evidence  to 
support  it. 

I  may  here  briefly  refer  to  tA^o  observers  avIio  have  Avorked  on  less 
conA^entional  lines  and  have  been  nearer  to  arri\^ing  at  a  true  conclusion. 

The  late  Dr.  Robert  Kirk^^,  Avho  held  strong  opinions  regarding  the 
relation  of  light  chloroform  anaesthesia  to  sudden  death,  performed  an 
extensiA'e  series  of  experiments  in  Avhich  he  obserA^ed,  by  means  of  a  stethoscope, 
intense  cardiac  irregularities  resulting  from  a  susjiension  of  the  administration 
of  chloroform,  and  in  one  case  he  noted  the  entire  cessation  of  cardiac  action 
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for  60  seconds  ;  I  have  derived  some  valuable  indications  from  his  papers. 
Dr.  Kirk  refers  to  MacWiUiam's  work  on  ventricular  fibrillation  and  suggests 
it  as  a  possible  explanation  of  the  question.  Professor  Fraser  Harris  has 
kindly  sent  me  some  impublished  tracings  of  experiments  performed  by  him 
in  conjunction  with  Dr.  Kirk  in  which  various  irregular  tachycardias  occurring 
under  hght  chloroform  anaesthesia  in  a  cat  may  be  recognised.  Another 
tracing  shows  a  period  of  complete  heart  failure  in  a  dog  poisoned  \\ith 
phosphorus  and  under  chloroform.  Unfortunately  Dr.  Kirk  did  not  follow 
up  this  hne  of  research  further,  but  formulated  a  theory  which  did  not  find 
general  acceptance. 

The  other  observer  is  Dr.  Alex.  Wilson^"  who  was  led  to  beheve  from 
chnical  observations  alone  that  human  subjects  died  from  sudden  vascular 
failure  under  Ught  anaesthesia.  From  the  observation  of  the  occurrence  of 
convulsions  and  asph^'xial  respiratory  spasm  (such  as  he  had  seen  on  the 
rupture  of  an  aneurysm  and  in  like  cases)  he  deduced  a  sudden  collapse  of  the 
circulation,  an  acute  appHcation  of  physiological  i^rinciples,  but  his 
further  suggestion  that  the  event  was  due  to  a  sudden  vasomotor  paralysis 
has  not  received  confirmation. 

Mac  William--  observed  ventricular  fibrillation  on  several  occasions  in 
chloroformed  animals.  He  thought  that  it  was  conditioned  by  an  excess  of 
vapour.  It  is  natural  that  he  failed  to  find  it,  in  this  connection,  a  satisfactory 
explanation  of  sudden  death.  He  concluded  that  "  it  does  not  appear  to  be  a 
primary  mode  of  cardiac  failure  from  the  inhalation  of  chloroform  in  the 
healthy  animal."' 

This  brief  review  of  the  work  performed  upon  chloroform  syncope  tends 
to  show  that  there  is  no  mechanism  Anth  the  exception  of  ventricular 
fibrillation  which  can  be  demonstrated  to  bring  about  a  rapid  and  permanent 
primary  cardiac  syncope.  This  is  a  condition  pecuMar  to  hght  and  not  to 
fully  estabhshed  chloroform  anaesthesia, 

I  may  add  a  final  word  to  explain  my  views  in  regard  to  overdosage. 
Of  course  animals  and  men  can  be  killed  by  the  persistent  administration  of 
chloroform,  and  the  stronger  the  vapour  the  more  rapid  the  death.  This 
has  been  abundantly  demonstrated  in  animals.  It  has  also  been  abundantly 
demonstrated  that  overdosed  animals  recover  if  the  ordinary  means  of 
resuscitation  are  promptly  apphed.  So  in  man  ;  the  respiration,  and  even 
more  rarely  the  radial  pulse,  may  be  suppressed  by  overdosage,  yet  recovery 
is  brought  about  by  prompt  measures  of  resuscitation,  generally  very  readily 
so  ;  it  is  inconceivable  that  such  measures  should  be  too  long  delayed  even 
in  the  hands  of  the  most  casual  administrator  of  anaesthetics.  I  will  concede 
that  repeated  overdosage  may  prove  fatal,  or  that  overdosage  in  an  asthenic 
individual  may  prove  fatal,  but  I  do  not  beheve  fatal  overdosage  ever  occurs 
as  a  result  of  ordinary  anaesthetic  methods  in  those  sthenic  individuals  who 
form  by  far  the  greater  proportion  of  the  victims  of  chloroform  anaesthesia. 
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General  Conclusions. 

1.  The  mammalian  heart,  when  under  the  influence  of  chloroform,  is 
in  an  "  irritable  "*  condition.  This  irritability  is  raised  under  conditions  of 
light  anaesthesia,  and  lowered  under  conditions  of  deep  anaesthesia. 

2.  Abnormal  ventricular  beats  are  evoked  in  a  heart  under  chloroform 
by  conditions  ^hich  stimulate  it  or  by  equivalent  conditions  which  remove 
or  reduce  depressing  influences. 

3.  Under  conditions  of  light  chloroform  anaesthesia  the  ventricular 
irregularities  resulting  from  cardiac  stimulation  may  terminate  in  ventricular 
fibrillation  and  death  of  the  heart. 

4.  Stimulation  of  the  heart  may  be  effected  : — 

(a)  As  a  reflex  from  sensory  excitation  ; 

(b)  As  a  result  of  an  intermittent  administration  of  the  anaesthetic. 

(c)  x4.s  a  result  of  the  state  of  nervous  excitement  accompanied  by 

struggling  induced  by  chloroform  in  the  earlier  stages  of  its 
administration. 

5.  Ventricular  fibrillation  is  a  cause  of  death  under  chloroform,  probably 
the  only  cause  of  any  moment.  It  can  be  prevented  by  steadily  maintaining 
a  full  degree  of  anaesthesia. 
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Appendix. 

Additional  reports  of  clinical  cases  which  illustrate  the  points  dealt  with 
in  the  body  of  the  paper. 

(1)     A  case  illustrating  non-fatal  cardiac  sjTieope  occurring  in  the  course  of  an  operation. 

This  case  occurred  m  my  own  experience  when  I  was  practising  anaesthetics  some  years  ago  ; 
my  own  form  of  chloroform  inhaler  was  being  employed. 

"Female  aged  55.     Operation  for  large  mammary  carcmoma. 

Put  imder  chloroform  very  quietly  and  gradually,  reachuig  a  raaximiun  of  3  per  cent. 

Incision  made  at  3  per  cent.  ;  a  famt  corneal  reflex  and  shght  expiratory  phonation  being 
evident  at  the  time. 

The  index  was  very  soon  put  back  to  2  per  cent.,  and  maintained  there,  pupil  being  small ; 
colour,  and  breathing  good. 

Diu-ing  the  stripping  of  the  tumour  the  pupils  became  a  little  bigger,  about  2-5  mm.  in 
diameter,  and  the  colour  paler,  and  the  vapour  was  reduced  to  1-5  per  cent,  in  consequence  ;  but 
as  the  colour  did  not  improve  and  the  corneal  reflex  was  found  absent,  the  inhalation  was  then 
stopped.  Shortly  after  this  the  pupils  were  noticed  to  be  very  dilated,  and  the  pulse  absent,  but 
the  breathing  remained  good  and  unobstructed. 

The  patient  was  placed  in  the  '  feet-up  '  position,  when  the  breathing  ceased. 

Chest  compression  quickly  caused  the  breathing  and  pulse  to  return. 

The  operation  was  resvuned  at  1  per  cent.,  the  pulse  again  became  faint  during  the  clearing 
of  the  clavicular  glands. 

Total  time  of  operation  :   Forty-four  minutes,  the  pulse  being  excellent  at  the  finish."' 

(Proc.  roy.    Soc.  of  Medicine,  Vol.  II,  Part  I.) 

This  patient  was  very  carefiilly  watched  from  the  commencement  for  symptoms  of  over- 
dosage, and  there  was  notliing  to  suggest  that  anythmg  was  wrong  mitil  the  tvimour  was  being 
stripped  ofi  the  muscles  ;  on  the  onset  of  pallor  in  accordance  with  the  accepted  teaching  at  this 
time  the  cliloroform  was  at  once  reduced,  and  subsequently  entirely  removed,  with  an  almost 
fatal  resi-ilt.  As  I  would  now  judge,  the  paUor  and  slight  dilatation  of  the  pupils  were  both 
evidences  of  a  reflex  sympathetic  action  with  probably  a  co-existing  ventricular  tachycardia, 
and  an  indication  for  keeping  up  a  full  degree  of  anaesthesia  ;  the  result  of  stopping  the  inhalation 
entirely  was  a  progi-ession  to  ventricular  fibrillation  which  fortmiately  was  of  temporary  duration 
only.  I  reported  this  case  as  an  instance  of  how  the  most  careful  regulation  of  the  chloroform 
will  not  obviate  a  form  of  cardiac  shock,  but  I  did  not  at  the  time  appreciate  how  near  this  patient 
came  to  death. 

(2.)  This  case  is  taken  from  the  Final  Report  of  the  Special  Chloroform  Committee  of  the 
British  Medical  Association.     The  regulatuig  uihaler  employed  was  of  the  Vernon  Harcourt  type. 

"  Female  aged  31,  who  suffered  from  exophthahnic  goitre. 

The  anaesthesia  was  devoid  of  any  abnormal  phenomena,  and  death,  wliich  occurred  when  the 
thyroid  tumovtr  was  beuig  drawn  from  its  attachment,  was  sudden  and  of  the  cardiac  type,  no 
doubt  arising  from  "  vagal  inliibition.' 

The  patient  was  anaesthetic,  but  not  profoundly  narcotised  at  the  time  of  collapse,  0-5  per 
cent,  was  bemg  uolialed." 

(Supplement  to  the  British  Medical  JourtuU,  July  29th,  1910,  p.  63.) 

(3.)  A  case  reported  by  myself  some  years  ago.  It  illustrates  the  form  of  death  by 
intermission  and  re-application  in  the  induction  period.  The  signs  of  imperfect  anaesthesia  were 
abimdantly  evident  up  to  tho  moment  of  death,  and  it  was  this  case,  observed  in  January,  1906, 
which  first  uiduced  nic  to  seek  for  some  explanation  of  sudden  death  apart  from  that  generally 
accepted,  i.e.,  overdosage. 
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"Male,  aged  47.     Weight  15  st.,    fat  and  flabby,  pasty  complexion. 

Under  treatment  for  diabetes,  2-2  per  cent,  uf  sugai-  iii  the  urine  (total  sugar  not  recorded). 

Proposed  operation,  removal  of  big  toe  for  necrosis  ;  administration  by  Dr.  Levy's  inhaler, 
complete  anaesthesia  induced  in  seven  minutes,  with  a  maximum  vapour  of  1-8  per  cent. 

A  delay  now  ensued  in  consequence  of  the  theatre  not  being  ready,  and  the  patient  was 
allowed  to  come  round  a  little,  when  he  commenced  to  vomit,  and  the  facepiece  had  to  be  removed 
and  cleaned.  There  was  subsequently  cause  for  expedition,  and  the  uihalation  was  continued 
at  3  per  cent.,  but  as  the  breathing  was  restrained  and  embarrassed  by  a  tendency  to  retch,  he 
failed  to  go  under. 

Suddenly  the  tjpe  of  breathing  changed,  the  respirations  becoming  very  deep  and  forcible  ; 
not  more  than  six  or  seven  of  these  respirations  had  been  taken  when  the  pupils  weie  fomid  to 
be  widely  dilated,  the  face  very  pale,  and  radial  pulse  imperceptible.  Respiration  quickly  ceased. 
Fitful  attempts  at  spontaneous  respiration  were  produced  by  appropriate  treatment,  but  the 
heai't  never  recovered." 

(4.)     This  case  is  taken  from  Snow's  book  and  is  a  report  by  Air.  Paget  of  the  death  of  a  boy 

of  nine  years  occmruig  at  St.  Bartholomew's  Hospital  in  1856.     The  first  page  of  the  report 
relates  to  the  induction  which  was  irregular  and  prolonged,  and  this  I  have  omitted. 

"  I  was  on  the  point  of  commencing  the  operation,  but  as  he  again,  by  movements, 
indicated  some  degree  of  sensibility,  and  changed  his  posture,  about  forty  drops  more  of 
chloroform  were  poured  on  cotton  wool,  inclosed  in  a  fold  of  lint,  an  inhaler,  with  the 
chloroform  on  a  sponge,  having  been  previoush'  used.  The  lint  was  held,  about  half  an  mch  from 
the  face,  by  IMr.  Thomas  Smith,  my  usual  assistant  in  operations.  The  patient  mhaled  hghtly 
for  a  few  times,  then  made  one  long  inspiration,  and  appeared  to  pass  at  once  into  deep  sleep. 
Except  that  he  thus  appeared  to  come  suddenly  mider  the  full  influence  of  chloroform,  no  external 
change  was  visible  ;  but,  a  few  seconds  later,  Ms  pulse,  which  had  been  carefully  watched,  and 
had  been  to  this  time  normal,  suddenh'  began  to  beat  very  quickly  ;  then  it  ceased  for  two  or 
three  seconds  ;  then  beat  rapidly  several  times,  with  a  kind  of  flickermg  movement  ;  and  then 
ceased  to  be  perceptible. 

Just  before  this  change  of  the  pulse  was  observed,  the  chloroform  had  been  withdrawn. 
The  one  deep  mspiration  was  followed  by  a  few  stertorous  breathings,  but  after  these  he  breathed 
naturally,  his  complexion  and  features  showed  no  change,  he  seemed  only  calmly  asleep,  and  in 
this  state  he  continvied  breathing  naturally,  and  with  no  change  in  his  appearance,  but  pulseless, 
for  at  least  a  nunute.  Then  his  breathuig  became  less  frequent,  and  seemed  as  if  it  might  soon 
cease  ;    his  face  grew  pale,  and  his  hps  verj'  slightly  livid 

I  refrain,  at  present,  from  all  comments  on  this  case.  Only,  I  wish  to  call  particular 
attention  to  the  fact  that  good  breathmg  was  maintained,  and,  after  a  suspension,  was  renewed, 
long  after  the  heart  had  ceased  to  act  with  siifiicient  force  to  produce  a  pulse  at  the  wrist.  And 
I  would  add,  that  this  narration  is  sanctioned  and  considered  to  be  exact,  by  the  four  gentlemen 
who  were  to  have  assisted  in  the  operation,  and  to  whom  I  am  greatly  indebted  for  their  counsel 
aind  assistance  in  the  greater  difficiilty  that  we  had  to  cope  with." — Medical  Times  and  Gazette, 
1856,  Vol.  I,  p.  236. 

This  abstract  is  given  here  mainly  on  accomit  of  the  description  of  the  condition  of  the  pulse 
which  preceded  death,  and  which  is  a  vivid  word  pictiu'e  of  the  irregular  condition  shown  in 
some  of  my  pressure  curves. 

It  is  not  qiiite  clear  from  the  text  whether  withdrawal  of  the  cliloroform  or  its  re-appUcation 
immediately  preceded  death,  but  both  these  procedures  are  mentioned. 

"  (5).     Woman,  aged  49.     Pale  and  tliin. 

Anaesthetic  :  Chloroform,  2  drachms  ;  a  little  ether  added  towards  the  end  of  induction. 
Induction  gradual,  by  drops  on  open  mask,  held  all  the  time  about  an  inch  from  the  face.  Some 
shght  irritative  coughing  at  first  in  spite  of  very  gradual  administration.  This  ceased  and  there 
were  slight  muscular  movements  of  the  hmbs  and  a  httle  mutteruig  ;  no  struggling.  Respiration 
quiet  and  regular.  Lips  and  ears  very  good  colour.  Pupils  medium,  corneal  reflex  brisk.  Then 
sudden  alteration  ui  breathuig  (five  minutes  after  begimimg  of  induction).  There  were  seven  or 
eight  deep  sighing  respirations,  and  at  the  same  moment  wide  dilatation  of  the  pupil,  pulse 
disajjpeared,  no  pallor  for  ten  or  fifteen  seconds.  Then  cessation  of  respiration  (no  respiratory 
embarrassment  at  all  before  the  sudden  collapse).  Tongue  pulled  forward,  artificial  respiration, 
oxygen,  strj'chnine,  &c.     No  further  sign  of  hfe. 

The  sj'mptoms  came  on  a  vevx  few  seconds  after  a  fairh-  brisk  corneal  refiex  had  been  obtained, 
only  a  few  drops  had  been  added,  the  mask  was  always  a  little  oS  the  face." 

Judging  by  the  fuial  remarks  death  would  appear  to  be  due  to  a  re-application,  "  only  a  few 
drops,"  probablj'  (and  this  can  only  be  surmised)  after  an  intermission  ;  the  description  of  method 
is  of  the  usual  vague  natiu-e.  The  degree  of  anaesthesia  was  carefully  noted  ;  it  w  as  of  a  hght 
description,  and  the  mode  of  death  frona  sudden  primary  cardiac  failiu-e  is  evident.  There  can 
be  no  other  explanatioii  of  this  death  but  that  of  ventricular  fibrillation. — Froc.  roy.  Soc.  oj 
Medicine,  Vol.   5,  No.   2  (Section  Aua.'sthotics.) 
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THE  INFLUENCE  OF  INCREASE  OF  TEMPERATURE  UPON  THE 
INHIBITORY  MECHANISM  OF  THE  HEART  OF  THE  MAMMAL. 

By  G.  H.  CLARK. 

{From  the  Department  of  Physiology,  University  of  Glasgoiv). 

In  a  paper  published  in  1912^  the  author  showed  that  in  the  heart  of  the 
frog  the  activity  of  the  vagus  was  markedly  diminished  when  the  temperature 
was  raised  somewhat  above  that  of  the  animal.  It  was  further  shown  that 
the  part  of  the  heart  which  was  acted  upon  in  this  way  was  the  sino-auricular 
junction  at  the  part  known  as  the  crescent. 

A  metal  point  warmed  to  a  known  temperature  was  applied  to  various 
points  on  the  surface  of  the  heart  and  at  this  part  only  was  it  effective  in 
diminishing  the  inhibitory  action  of  central  stimulation  of  the  vagus. 

The  work  detailed  in  this  paper  was  undertaken  with  the  object  of 
finding  if  this  condition  applied  equally  to  the  mammalian  heart. 

Historical. 

The  earlier  work  upon  the  frog's  heart  is  considered  in  the  previous  paper. 
Baxt^  first  recorded  a  series  of  observations  upon  mammals.  In  the  dog 
he  found  the  inhibitory  action  of  the  vagus  remained  unchanged  between 
26°  and  39°  C. 

Schiff,'  on  the  other  hand,  found  that  in  rabbits  the  activity  of  the 
vagus  was  diminished  on  warming  the  heart  to  37°  or  38°  C. 

Lauder  Brunton,^  also  using  rabbits,  concluded  that  "in  the  heart 
of  the  rabbit,  and  probably  other  mammahan  hearts,  a  temperature 
sufficiently  high  to  produce  stoppage  of  the  heart  does  not  paralyse  the  vagus 
or  the  inhibitory  apparatus  through  which  it  acts."  Lauder  Brunton's 
protocols  show  something  more  than  this.  He  remarks  earlier  in  his  paper 
"  from  these  experiments,  and  especially  from  No.  VIII,  it  will  be  seen  that 
as  the  temperature  was  raised  and  the  pulse  C[uickened  the  power  of  the 
vagus  diminished."  The  return  of  activity  took  place  just  before  the  heart 
was  brought  to  a  standstill  by  the  increased  temperature.  These  higher 
temperatures  reached  47°  C,  and  in  most  of  the  experiments  recorded  the 
vagus  was  shown  to  be  less  active  at  temperatures  between  the  normal  and 
the  extreme  high  temperature.  Howell,  Budgett  and  Leonard,^  examining 
the  influence  of  diminution  of  temperature  upon  the  activity  of  the  vagus, 
found  that  the  rabbit  reacted  differently  to  the  dog,  and  it  is  a  question  AAdiether 
this  fact  does  not  account  for  the  discrepancy  in  the  results  described. 
The  previous  work  on  the  subject  is  meagre  and,  in  view  of  these  different 
results  arrived  at  and  the  conclusive  results  obtained  by  me  in  the  case  of  the 
frog,  the  question  requires  further  investigating. 

Present  Investigation . 

In  the  work  here  described,  the  contractions  of  the  right  auricle  and  the 
ventricle  were  recorded. 
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A  tracheal  cannula  having  been  inserted  and  the  vagi  exposed,  ligatured 
and  cut.  the  skin  was  removed  from  the  anterior  surface  of  the  chest.  A  cut 
wa«  then  made  through  the  muscles  covering  the  seventh  and  eighth  ribs 
on  the  right  side  of  the  chest  and  the  ribs  divided.  The  forefinger  of  the  left 
hand  was  next  inserted  tlirough  the  opening  in  the  chest  wall  thus  made. 
Ai'tificial  respiration  was  used  after  this  stage  in  the  experiment.  Using  the 
left  forefinger  as  a  director  it  was  found  possible  to  extend  the  opening  in 
the  chest  wall  up  to  the  third  rib  without  damaging  the  lung.  The  forefinger 
was  next  moved  round  underneath  the  sternum  and  the  internal  mammary 
arteries  compressed.  The  sternum  was  then  cut  across  below  the  finger 
without  loss  of  blood.  The  opening  into  the  thorax  was  continued  round  to 
the  left  side  and  carried  up  to  the  third  rib  on  that  side.  A  large  flap  of  skin, 
muscle  and  bone  was  then  reflected  upwards,  tightly  ligatured  at  its  proximal 
end,  and  cut  oft'.  The  heart  in  the  pericardium  was  thus  exposed  without 
loss  of  blood.  The  pericardium  was  next  slit  open  and  clipped  to  the  chest 
wall  \dtli  bulldog  forceps.  A  small  spring  clip  was  attached  to  the  right 
auricle  and  another  similar  one  to  the  right  ventricle.  These  spring  clips 
were  connected  by  threads  carried  over  pulleys,  with  frog-heart  levers  writing 
on  a  smoked  drum.  When  an  alteration  in  temperature  was  desired  saline 
solution  or  Ringer"s  solution  at  the  desired  temperature  was  poured  down  a 
funnel  on  to  the  heart  or  into  the  thoracic  cavity.  The  fluid  filled  the  thorax 
and  overflowed  into  a  receptacle  placed  below. 

In  a  small  number  of  experiments  at  the  beginning  of  the  series,  a 
cannula  was  inserted  into  the  carotid  artery  and  the  trace  of  the  blood  pressure 
recorded  without  making  a  large  opening  in  the  chest  wall.  Here  alterations 
in  temperature  m  ere  obtained  by  placing  a  hot  rubber  bag  upon  the  chest 
wall  and  reading  the  temperature  upon  a  thermometer  placed  deeplj^  within 
the  thorax.  This  method  was  subsequently  abandoned  o^^-ing  to  its  uncer- 
tainty. In  nearly  all  cases  the  same  procedure  was  adopted  in  making 
observations.  The  secondary  coil  was  draAMi  out  until  a  stimulus  was  found 
which  was  subminimal.  The  coil  was  now  pushed  in  until  a  deflnite  result 
was  produced  on  stimulating  the  vagus.  The  heart  was  now  warmed  to  the 
required  temperature  and  the  above  procedure  repeated.  The  animal  was 
next  left  for  some  minutes  until  the  temperature  of  the  heart  again  became 
normal  and  the  eft'ect  of  stimulation  of  the  vagus  with  the  same  and  dift'erent 
strengths  of  stimulation  recorded. 

In  the  great  majority  of  experiments  rabbits  were  used,  but  in  addition 
several  cats  and  three  dogs  were  used  in  endeavouring  to  arrive  at  a  definite 
conclusion  as  to  the  influence  of  increase  of  temperature  upon  the  activity 
of  the  vagus. 

The  temperature  to  which  the  heart  was  raised  varied  between  40° 
and  43''  C.  but  was  generallv  40""  or  41^  C.  being  a  rise  of  about  2''  to  3°  C.'* 
above  normal,  and  consequently  a  temperature  which  might  be  attained 
during  a  febrile  attack. 

In  most  experiments  the  left  vagus  was  stimulated,  although  in  some 
the  right  or  both  were  made  use  of. 
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Results. 

In  considering  the  results  of  these  experiments,  the  rate  of  the  heart  aiKl 
its  amjjhtude  have  been  taken  as  a  measure  of  the  effect  of  vagal  stimulation. 
Unless  otherwise  stated,  reference  is  made  to  the  left  vagus.  In  the  first 
series,  where  the  blood  pressure  trace  alone  was  recorded,  a  fal)  in  Ij1mo(1 
pressure  was  taken  as  a  measure  of  the  activity  of  the  nerve. 

In  the  rabbits  the  results  were  generally  in  support  of  Schiff's  statement 
that  the  vagus  was  less  active  at  temperatures  somewhat  above  normal. 
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Fig.  1.  Influence  of  increase  of  temperature  upon  the  activity  of  the  vazus.  Traces  of  the  blood 
pressure.  1  With  the  normal  temperature,  stimulation  with  the  secondary'  at  8  em.  twice  gave 
marked  fall  in  blood  pressure.  On  warming  the  heart,  stimulation  with  the  secondary-  at 
8  cm.  twice  failed  to  cause  a  fall  in  blood  pressure.     All  tracings  read  from  left  to  right. 

Where  the  blood  pressure  curve  was  recorded,  if  there  was  a  definite  fall 
with  a  certain  strength  of  stimulus  in  the  normal  heart,  that  strength  of 
stimulus  produced  a  lesser  effect  or  no  effect  on  the  pressure  tracing  when  the 
temperature  was  raised. 

This  is  sho%\'n  in  Fig.  1.  Here  stimulation  of  the  left  vagus  with  the 
secondary  coil  8  cm.  distant  from  the  primary,  gave  a  fall  in  blood  pressure, 
which  was  more  marked  when  repeated. 

When  the  heart  was  warmed  by  a  hot  rubber  bag  being  placed  on  the 
chest  until  the  thermometer  in  the  thorax  registered  41'  C,  stimulation 
of  the  vagus  with  the  same  strength  of  stimulus  gave  a  very  small  fall  in 
pressure  the  first  time  and  no  fall  the  second  time  of  apphcation. 

In  most  of  the  experiments  the  temperature  was  allowed  to  return  to 
normal  and  the  reaction  again  tested. 

When  the  heart  was  exposed  and  tracings  taken  the  results  were  in  most 
cases  striking. 

In  one  experiment,  typical  of  many,  when  the  vagus  was  stimulated 
with  the  secondary  at  10  cm.,  inhibition  of  the  whole  heart  resulted.  Both 
auricular  and  ventricular  rate  and  amplitude  were  affected.  When  the 
stimulation  was  repeated  with  the  secondary  at  12  cm.  some  slo\%-ing  occurred 
after  about  three  seconds  and  diminution  in  amplitude  of  the  auricular  trace. 

The  heart  was  now  warmed  to  40^  C.  and  the  vagus  again  stimulated  as 
before.  With  the  secondary  at  12  cm.,  there  was  no  change  in  the  rate  of 
the    auricular    or  ventricular  contraction,  although  the  alternatelv  larcrer 
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and  smaller  contractions  of  the  ventricle,  slightly  noticeable  before 
stimulation,  became  more  marked  after  three  seconds.  With  the  secondary 
at  10  cm.,  stimulation  made  this  irregularity  still  more  marked,  as  did 
stimulation  with  the  secondary  at  8  cm.,  where  some  degree  of  slowing  also 
occurred.  Stimulation  with  the  secondary  at  6  cm.  caused  standstill  of 
both  chambers  with  escape  beats  in  the  auricle. 

The  heart  was  now  allowed  to  return  to  its  normal  temperature  and 
stimulation  of  the  vagus  repeated  as  before.  With  the  secondary  at  12  cm., 
standstill  was  obtained  in  the  ventricle  and  marked  sloAA-ing  in  the  auricle. 
With  the  secondary  at  14  cm.,  stimulation  caused  sloA^-ing  of  the  auricle  and 
a  primary  augmentation  of  the  ventricular  contraction  followed  b}^  inhibition 
and  periods  of  standstill.  The  heart  was  again  warmed  to  40°  C.  and  the 
alternate  large  and  small  contractions  again  appeared,  but  these  were  lost 
on  stimulating  the  vagus  with  the  secondary  at  14  cm..  Stimulation  with 
the  secondary  at  12  cm.  caused  no  slowing  of  the  heart,  but  the  irregularity 
again  became  as  marked  as  before.  Repetition  of  the  stimulation  with  the 
secondary  at  10  cm.  caused  standstill  of  the  ventricle  and  a  marked  slowing 
of  the  auricle.  Cooling  again  to  normal,  stimulation  of  the  vagus  with  the 
secondary  at  10  and  12  cm.  gave  standstill  of  the  whole  heart. 
Stimulation  at  14  cm.  gave  slowing  of  the  whole  heart  and  short  periods  of 
standstill  in  the  ventricle.  Stimulation  with  the  secondary  at  16  cm.  gave 
slowing  and  augmentation. 

Fig.  2  shows  records  taken  during  a  prolonged  experiment.  With  the 
heart  at  the  normal  temperature  stimulation  with  the  secondary  at  13,  14, 
15  and  16  cm.  gave  standstill  of  the  whole  heart  Mdth  escapes  in  the  first 
case.  Stimulation  at  18  cm.  gave  sloA^ng  of  the  heart.  The  heart  was  now 
warmed  to  40°  C.  and  stimulation  at  18  and  16  cm.  did  not  alter  the  heart 
beat,  but  stimulation  at  15  cm.  caused  standstill  of  the  whole  heart  AA-ith  an 
escape  beat  on  the  auricular  trace.  The  temperature  was  brought  to  normal 
and  the  vagus  stimulated  AA-ith  the  secondary  at  15,  16,  17,  18,  19  and  20  cm., 
and  standstill  of  the  whole  heart  obtained.  Very  marked  slowing  was  obtained 
with  the  secondary  at  21,  22,  23,  24  and  25  cm..  The  heart  was  now 
warmed  to  40°  C.  and  stimulated  as  before.  15,  16,  17  and  18  cm.  gave 
standstill,  20  cm.  gave  marked  slowing  of  the  whole  heart,  and  21  cm.  twice 
gave  no  result.  The  heart,  again  cooled  to  normal,  was  brought  to  standstill 
with  a  stimulus  of  22  cm.  strength,  and  was  very  markedly  slowed  Antli 
stimuli  of  23,  24  and  25  cm.  strength  while  26  cm.  had  no  great  effect. 
It  will  be  noticed  that  at  the  beginning  of  the  experiment  the  first  sign  of 
inhibition  appeared  Avhen,  with  the  secondary  at  18  cm.,  a  slight  degree 
of  slowing  was  obtained  when  the  left  vagus  Avas  stimulated.  After  warming 
to  40°  C,  and  again  cooling,  stimulation  with  the  secondary  at  18,  19  and 
20  cm.  gave  standstill  of  the  whole  heart  and  inhibition  was  obtained  AA-itli 
the  secondary  at  25  cm..  This  increase  of  sensitiveness  of  the  heart  to 
vagus  stimulation  was  marked  in  very  many  of  my  experiments.  This  is 
also  well  shown  in  the  experiment  given  in  detail  earlier  in  this  paper,  where 
a  strength  of    14  cm.   caused  standstill  of  the   ventricle   at  the  end  of  the 
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experiment,  whereas  a  strength  of  10  cm.  was  required  at  the  beginning. 
Many  such  might  be  quoted. 

Where  dogs  were  used  the  results  were  not  constant,  and  a  further 
series  of  experiments  requires  to  be  done.  Cats,  generally,  reacted  in  the 
same  w^ay  as  rabbits. 

For  the  purpose  of  testing  whether  the  nature  of  the  fluid  used  for 
warming  the  heart  played  any  part  in  inhibiting  the  activity  of  the  vagus 
as  suggested  by  Hagan  and  Ormond,^  experiments  were  performed  in  which 
both  Ringer's  solution  and  normal  sahne  solution  were  used  Avith  the  same 
heart.  It  was  found  here  that  the  same  results  were  obtained  with  either 
solution.  \Miere  the  warm  sahne  solution  caused  a  very  marked  change 
in  sensitiveness  of  the  vagus,  warm  Ringer's  solution  did  the  same.  Where 
the  influence  of  the  Ringer's  solution  was  not  great,  then  sahne  had  no 
greater  effect. 

A  small  number  of  experiments  were  performed  in  which  a  von  Frey's 
temperature  point  heated  to  the  desired  temperature  was  apphed  to  different 
parts  of  the  heart's  surface  in  the  erideavour  to  locahse  the  seat  of  this  action 
of  increased  temperature  as  w^as  done  in  the  frog.  These  experiments  were 
not  successful,  probably  owdng  to  the  more  difi'use  distribution  of  the  primitive 
cardiac  tissue  in  the  sinus  end  of  the  mammahan  heart.  This  Avork  is  still 
being  proceeded  wdth. 

Summary. 

Experimental  evidence  is  brought  forward  to  prove  that  in  the  rabbit, 
as  in  the  frog,  increase  of  temperature  by  three  or  four  degrees  C. 
diminishes  the  sensitiveness  of  the  heart  to  vagus  stimulation.  This  was  not 
marked  in  the  dogs  that  were  examined,  but  appeared  to  be  the  case  also  in  cats. 

This  diminished  effect  of  vagal  stimulation  during  increased  temperature 
is  foUow^ed  by  an  increased  effect  after  the  temperature  has  returned  to 
normal.  An  attempt  to  locahse  the  particular  part  of  the  heart  Avhich  was 
thus  affected  by  increased  temperature  was  not  successful.  The  same 
results  were  obtained  whether  saline  solution  or  Ringer's  solution  was  used, 
and  similar  results  were  obtained  in  some  early  experiments  where  a  hot 
rubber  bag  was  apj^lied  to  the  chest  w^all  and  the  temperature  read  upon  a 
thermometer  thrust  deeply  into  the  thorax. 

(A  grant  from  the  Carnegie  Trust  was  received  to  defray  the  exj^enses 
of  this  research.) 
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LESIONS  OF  THE  BRANCHES  OF  THE  AURICULO  VENTRICULAR 

BUNDLE. 

By  GEORGE  D.  MATHEWSON. 

(From  the  Clinical  Medicine  Research  Lahoratory  of  the  Royal  Infirmary, 

Edinburgh). 

The  experimental  Avork  of  Eppinger  and  Rothberger*  has  proved  that  a 
lesion  dividing  one  or  other  branch  of  the  auriculo-ventricular  bundle 
produces  marked  and  characteristic  changes  in  the  electrocardiographic 
curves  obtained  from  the  heart.  Comparison  of  curves  obtained  clinically, 
with  those  pubhshed  in  the  record  of  their  experiments,  has  enabled  some 
observers  since  to  make  the  diagnosis  of  lesion  of  one  or  other  branch,  and  in 
a  few  cases  the  diagnosis  has  been  confirmed  post-mortem.  In  the  four 
cases  here  described,  such  confirmation  is  necessarily  lacking,  as  all  are  still 
ahve.  They  illustrate  weU,  however,  var3dng  degrees  of  myocardial 
involvement  and  show  how  the  site  of  the  lesions  can  be  deduced  with  a 
fair  degree  of  certainty  from  the  electrocardiograms  obtained. 

Obstruction  of  the  right  branch  of  the  bundle. 

CASE  1.  A.  P.  Man  aged  67.  Repeated  attacks  of  rheumatic  fever 
in  early  hfe.  Syphihtic  infection  denied.  Suffers  from  dyspnoea  and  oedema 
of  feet  and  legs.  Heart  much  enlarged.  Systolic  apical  murmur.  Vessels 
markedly  thickened.  Systohc  pressure  210  mm.  Hg.  Pulse  rate  about 
90  per  minute  with  occasional  irregularity.  Urine  contains  a  trace  of 
albumin  but  no  casts. 

In  this  case  (Fig.  1-4)  the  ventricular  complexes  exhibit  the  form  which, 
from  experimental  and  chnical  experience,  is  regarded  as  indicating  conduction 
of  stimuli  by  the  left  branch  only.^-^  ^  The  broad  initial  upward  deflexion 
and  the  subsequent  downward  deflexion  by  derivation  /  (Fig.  1),  and  the 
opposite  effect  by  derivation  ///  (Fig.  2)  are  well  marked.  The  curves 
resemble  very  closely  those  from  one  of  Eppinger  and  Stoerk's  cases  (Fig. 
5  and  6  in  their  paper^)  in  which  complete  interruption  of  the  right  branch 
of  the  bundle  was  found  post-mortem.  Derivation  //  gives  a  complex 
rcscmbhng  that  of  derivation  ///  rather  than  that  of  derivation  /.  Records 
obtained  by  derivations  /  V  and  V  showed  curves  closely  resembhug  those 
obtained  by  derivations  //  and  ///  respectively. 
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Conduction  by  the  main  stem  and  left  branch  of  the  bundle  must  be 
intact,  for  each  auricular  complex  is  followed,  at  the  normal  interval,  by  the 
ventricvilar.  Another  indication  of  the  functional  integrity  of  these  parts  of 
the  bundle  is  the  fact  that  stimulation  of  the  vagus  by  pressure  does  not 
constantly  cause  any  dropping  out  of  ventricular  beats  as  it  would  tend 
to  do  were  there  any  latent  defect  of  conductivity  in  them.i"*ii 

The  obstruction  in  the  right  branch  is  evidently  of  a  permanent  nature, 
for  records  obtained  on  two  occasions  over  five  months  apart  show  precisely 
similar  curves. 

Obstruction  of  the  mainstem  and  right  branch  of  the  bundle. 

CASE  2.     Man  aged  37.     Stokes-Adams  syndrome. 

The  patient  was  brought  to  the  infirmary  on  one  occasion  to  have 
electrocardiograms  taken.     No  further  clinical  notes  are  available. 

The  records  of  this  case  (Fig.  5-7)  show  complete  dissociation  of  auricle 
and  ventricle.  Ventricular  contraction  is  rhythmic,  and  the  rate  is  28  per 
minute.  The  ventricular  complexes  are  of  abnormal  form.  It  may  be 
stated  with  certainty  that  in  this  case  there  is  a  lesion  which  involves  some 
part  of  the  main  stem  of  the  bundle  and  causes  the  complete  block.  It  is 
probable  that  there  is  also  a  lesion  in  the  right  branch  which  produces  the 
abnormal  form  of  ventricular  complex.  If  the  lesion  were  confined  to  the 
main  stem,  the  ventricular  complex  would  be  of  the  form  associated  with 
beats  of  supraventricular  origin.  If  the  main  stem  were  intact  and  both 
branches  obstructed,  complete  dissociation  would  be  present  but  one  would 
expect  the  ventricular  complex  to  have  the  peculiar  form  which  has  been 
proved  to  occur  when  conduction  is  interrupted  in  both  branches.^*  ^  The 
case  resembles  in  nature  one  recently  reported  by  Cohn  and  Lewis ^  in  which 
lesions  in  the  main  stem  and  right  branch  of  the  bundle  were  found  at 
autopsy.  The  ventricular  complexes  in  the  case  here  described  seem  even 
more  distinctly  removed  from  the  normal  form  than  in  their  case.  This 
may  possibly  depend  upon  the  branch  lesion  being  here  more  complete  in 
nature. 

Transient  obstruction  in  the  left  branch  of  the  bundle. 

CASE  3.  H.  D.  Man  aged  46.  Rheumatic  fever  17  years  ago.  Has 
recently  suffered  from  dyspnoea  and  palpitation  on  exertion.  Some  oedema 
of  the  feet.  Cyanosis.  Pulse  is  rapid  and  shows  total  irregularity.  Vessels 
rather  thickened.  Heart  greatly  enlarged.  No  murmur  audible.  Urine 
contains  a  little  albumin. 

This  case  displays  (Fig.  8)  normal  ventricular  complexes  (A)  occurring 
in  groups  with  abnormal  complexes  (B)  interspersed.  As  the  record  is 
obtained  by  derivation  /,  the  abnormal  ventricular  form  suggests  that 
which  is  regarded  as  indicating  conduction  by  the  right  branch  of  the  bundle 
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onlv.^  It  seems  as  thoiiorh  some  sligrht  lesion  of  the  left  branch  mav  be 
present,  interfering  now  and  again  with  conduction  through  it.  As  the 
auricles  are  fibrillating  and  there  is  thus  no  P  deflexion  in  the  record,  it  is 
uncertain  whether  the  abnormal  ventricular  complexes  have  arisen  in  response 
to  supraventricular  stimuli.  They  naay  conceivably  be  extrasystohc  beats 
of  the  type  usually  regarded  at  present  as  basal  or  right  sided. ^  *^  On  this 
view  the  lesion  is  not  an  obstructive  one  but  rather  an  irritative  one  probably 
affecting  some  part  of  the  muscle  of  the  right  ventricle  or  its  conduction 
system. 

Transient  ohstriiction  occurriyig  alternately  in  the  two  branches  of  the  bundle. 

CASE  4.  J.  P.  Man  aged  57.  Xo  history  of  rheumatic  or  syphihtic 
infection.  Admitted  to  hospital  suffering  from  dyspnoea  on  exertion. 
Subsequent  haemoptysis.  Lung  bases  congested.  Heart  dilated.  Apical 
systolic  murmur.  Vessels  thickened.  Systolic  pressure  110  mm.  Hg. 
Pulse  very  irregular  at  times. 

If  the  records  of  this  case  (Fig.  9-14)  are  examined,  neglecting  meanwhile 
the  premature  beats  and  confining  attention  to  those  of  the  auricular  rhythm, 
it  will  be  seen  that  they  seem  to  furnish  evidence  of  various  methods  of 
conduction  of  the  stimulus  to  the  ventricles.  Fig.  9,  by  derivation  /  shows 
normal  conduction  by  both  branches,  gi^^ng  a  normal  ventricular  complex(A). 
Fig.  10  by  derivation  III,  Fig.  11  by  derivation  //,  and  Fig.  12  by  derivation 
///  aU  show  complexes  suggestive  of  left  branch  conduction  (B).  Fig.  13 
by  derivation  ///  shows  left  branch  conduction  (B)  passing  into  complexes 
(C)  which,  while  abnormal  in  respect  of  the  inversion  of  T,  are  not  apparently 
inconsistent  with  conduction  by  both  branches.  Fig.  14  by  derivation  / 
shows  two  varieties  of  ventricular  complex.  The  one  (D)  is  obviously 
abnormal  with  the  main  deflexion  directed  do\\Tiwards  suggesting  right 
branch  conduction.  The  other  (E)  which  has  its  main  deflexion  upwards, 
while  more  nearly  approaching  the  normal  form,  presents  certain  differences 
from  the  normal  complexes  shown  in  Fig.  9  and  obtained  by  the  same 
derivation.  It  should  probably  be  regarded  as  an  abnormal  form  indicative 
of  left  branch  conduction.  The  auricular  deflexion  is  not  well  marked  in 
this  figure  but  is  probably  present  in  its  normal  position  relative  to  the 
ventricular,  for  it  is  clearly  shown  in  Fig.  12  obtained  on  the  same  occasion 
by  a  different  derivation.  We  have  then  in  this  case  stimuh  apparently 
conducted  at  times  by  the  right  branch,  at  times  by  the  left  branch,  and 
sometimes  normally  by  both  branches  simultaneously.  This  is  the  case 
whether  the  doubtful  complexes  (E)  of  Fig.  14  are  regarded  as  normal  or  not. 
To  explain  the  occurrence  of  the  various  methods  of  conduction  exhibited 
in  this  case,  lesions  affecting  both  branches  of  the  bundle  must  be  postulated. 
These  cause  only  a  temporary  suspension  of  function,  for  each  branch  takes 
its  turn  in  conducting  the  stimulus  to  the  ventricles  and  both  are  at  times 
functioning  together. 
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Extrasystoles  associated  with  lesion  of  the  branches  of  the  auriculo-ventricidar 

bundle. 

CASE  1  and  CASE  4  exhibit,  in  some  of  the  records,  extrasystoles 
interrupting  the  physiological  rhythm.  Figs.  3  and  4,  both  from  CASE  1, 
show  two  distinct  forms  of  extrasystole.  In  Fig.  3,  by  derivation  //,  an 
auricular  extrasystole  (Ex.)  is  seen.  The  ventricular  complex  is  identical 
vnih.  that  of  the  other  beats,  while  the  auricular  deflexion  is  of  anomalous 
form,  indicating  the  probable  origin  of  the  stimulus  in  some  other  part  of 
the  auricle  than  the  sino-auricular  node.^  In  Fig.  4,  by  derivation  //,  two 
ventricular  extrasystoles  are  seen.  They  are  of  the  type  usually  described 
as  apical  or  left-sided.^  '^  '^  These  premature  beast  afford  evidence  of  further 
mj^ocardial  damage  in  addition  to  the  lesion  of  the  right  branch  already 
described.  Foci  of  irritation  are  present  in  the  auricle  and  probably  in  some 
part  of  the  left  ventricle.  Extrasystoles  appear  in  all  save  one  of  the  records 
from  CASE  4,  In  Fig.  1 1,  by  derivation  //,  the  premature  beats  which  do  not 
open  the  aortic  cusps,  are  of  apical  or  left-sided  type.  There  is  evidence  of 
disturbed  auricular  rhythm,  the  notch  on  the  beginning  of  the  final  upward 
deflexion  of  the  premature  beats,  probably  representing  auricular  activity. 
Fig.  12,  b}"  derivation  III,  shows  one  premature  beat  (R)  of  the  basal  type 
and  one  (L)  of  the  apical.  In  Fig.  13,  by  derivation  III,  the  second  element 
in  each  couple  is  a  premature  beat  of  apical  form.  Two  types  of  these  are 
seen.  In  the  premature  beats  (X)  folloT^-ing  the  complexes  of  left  branch 
conduction  (B)  the  deflexions  from  the  base  line  are  comparatively  slight, 
while  in  those  (Y)  following  the  normal  complexes  (C)  the  deflexions  are  much 
more  marked  and  more  typical  of  apical  stimulation.  Both  forms  appear  to 
be  associated  v,'iih  premature  auricular  contractions,  the  evidence  of  wliich  is 
similar  to  that  described  in  Fig.  11.  In  Fig.  14,  by  derivation  I,  a  single 
premature  beat  occurs,  it  is  of  basal  or  right-sided  type. 

This  case  presents  evidence  of  irritation  of  the  ventricular  muscle  at 
more  than  one  point,  for  the  records  show  basal  extrasystoles  and  possibly 
two  varieties  of  apical.  In  discussing  the  conduction  lesions  the  conclusion 
was  reached  that  there  must  be  a  lesion  in  each  branch  of  the  bundle.  While 
the  precise  site  of  origin  of  the  extrasystoles  cannot  be  determined  ^^ith  any 
certainty,  it  seems  reasonable  to  suppose  that  the  lesions  involving  the 
bundle  branches  may  be  at  once  obstructive  and  irritative  and  that  the 
premature  beats  may  arise  in  the  neighbourhood  of  these  lesions  and  so,  in 
this  sense,  be  truly  right-sided  and  left-sided  extrasystoles. 

Genercd  remarks. 

In  their  account  of  experimental  division  of  the  bundle  branches  in  the 
dog,  Eppinger  and  Rothberger^  state  that  they  have  observed  the  onset  of  a 
gallop  rhythm  after  division  of  one  branch.  This  they  attribute  to  a  loss 
of  sjTichronism  in  the  action  of  the  two  ventricles.  The  initiation  of  activity 
in  the  chamber  to  which  conduction  is  imperfect  is  supposed  to  be  delayed. 
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Eppinger  and  Stoerk^  state  that  they  have  detected  gallop  rhythm  in  one 
case  of  two  in  the  human  subject  in  which  the  existence  of  a  lesion  in  the  right 
bundle  branch  was  estabhshed  post-mortem,  and  indicate  that  they  have 
observed  the  same  rhythm  in  cases  presenting  electrocardiograms  suggestive 
of  similar  lesions.  On  the  other  hand  Barker  and  Hirschfelder^  found  that 
after  experimental  division  of  one  branch,  the  activity  of  the  ventricles,  as 
mechanically  recorded,  was  quite  synchronous.  In  none  of  the  four  cases 
which  I  now  describe  could  gallop  rhythm  be  detected. 

As  regards  the  relative  frequency  of  obstruction  of  the  two  branches  of 
the  bundle,  it  may  be  pointed  out  that  in  three  of  the  four  cases  here  described, 
the  right  branch  seems  to  be  affected,  while  it  is  not  Ciuite  certain  which 
branch  has  suffered  in  the  remaining  case,  CASE  3.  In  only  one  case,  CASE  4, 
are  the  appearances  suggestive  of  left  branch  obstruction  and  this  appears 
to  be  incomplete.  No  general  conclusions  can,  of  course,  be  dra-\vn  from  so 
few  cases,  but  it  is  noticeable  that  in  most  of  the  pubHshed  electrocardiograms 
when  a  single  branch  has  been  obstructed  it  is  the  right  branch  which  is 
affected.  This  might  be  anticipated  upon  anatomical  grounds  for  the  right 
branch  is  the  more  slender  and  compact,  while  the  left  branch  spreads  out, 
almost  from  the  commencement,  in  a  broader,  more  extended  form.  A 
comparatively  small  lesion  may  thus  interrupt  conduction  in  the  right 
branch. 

Hitherto  all  the  pubUshed  accounts  of  cases  in  which  conduction  by  one 
bundle  branch  has  been  interrupted  have  shown  the  condition  to  be  a 
permanent  feature  of  the  case.  Very  recently,  however,  Lewis^  has  described 
and  pubhshed  electrocardiograms  of  a  case  in  which  the  functional  defeat 
in  the  right  branch  of  the  bundle  is  of  transient  nature.  His  case  displayed 
left  branch  conduction  one  day  and  normal  conduction  on  the  following  day. 
A  similar  condition  is  seen  in  CASE  4  of  my  series  but,'a5  sho\\Ti  in  Fig.  13, both 
conduction  methods  are  actually  displayed  in  the  same  record.  A  similar 
state  of  affairs  appears  in  Fig.  14  where  there  is,  I  believe,  evidence  of 
conduction  first  by  one  branch  and  then  by  the  other. 

Summary. 

The  action  of  the  heart  is  studied,  in  four  cases,  by  means  of  Einthoven's 
string  galvanometer.  All  the  cases  display  alterations  in  the  electrocardio- 
graphic curves,  which,  in  the  present  state  of  our  knowledge,  may  be  regarded 
as  indicating  interference  with  the  normal  stimulus  conduction  in  the 
branches  of  the  bundle. 

CASE  4  illustrates  transient  interruption  of  conduction  in  the  branches,  a 
phenomenon  which  has  been  only  once  jDrevioush'  recorded.  The  records 
of  this  case  are  unique  in  actually  showing  the  occurrence  of  the  change  in 
the  method  of  conduction. 

Single  extrasystoles  appear  in  some  of  the  records,  suggesting  that 
myocardial  irritation  exists  along  with  the  obstruction.  Gallop  rhythm 
does  not  occur  in  any  of  the  cases. 
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THE  CONDUCTION  OF  THE  PULSE  WAVE  AND   ITS   RELATION 
TO  THE  ESTIMATION  OF  SYSTOLIC  BLOOD-PRESSURE. 

By  J.  A.  MACWILLIAM,  J.  E.  KESSON,  and  G.  SPENCER  MELVIN. 
[From  the  Physiological  Laboratory  of  the  University  of  Aberdeen). 

The  conduction  of  the  systolic  wave  along  the  arteries  is  obviously  a  matter  of 
much  importance  in  relation  to  the  estimation  of  blood-pressure  by  the 
obliteration  method.  We  have  evidence  that  the  condition  of  the  blood- 
vessels in  the  hmbs  may  profoundly  influence  blood-pressure  readings  and 
the  indications  of  aortic  pressure,  so  that  very  different  readings  may  be 
got  from  different  limbs  of  the  same  person  at  the  same  time,  and  from  the 
same  limb  after  continued  or  repeated  compression.  Such  might  conceivably 
be  due  to  various  causes — altered  conduction,  resistance  of  the  arterial  wall 
to  compression  or  reflection  from  the  periphery.  It  is  highly  important  to 
ascertain  the  importance  of  these  possible  factors.  Great  importance  has 
been  attached  by  some  investigators  to  the  influence  of  altered  conduction 
of  the  systohc  wave  along  the  arterial  tube. 

It  is  clear  that  rigid  tubes  from  the  aorta  would  give  the  most  accurate 
rendering  of  the  internal  pressure.  The  arm  and  leg  arteries  serve  as  tubes 
leading  from  the  aorta,  tubes  of  varying  degrees  of  elasticity.  In  the  normal 
state  they  give  readings  that  are  practically  similar  in  arm  and  leg  in  the 
horizontal  position.  Evidently  the  loss  from  the  aorta  is  similar  in  both 
cases,  whether  it  be  small  or  great.  The  loss  might  conceivably  be  great  in 
both  in  the  normal  state.  The  readings  would  then  show  no  absolute  value 
as  regards  the  aortic  blood-pressure,  but  would  have  a  certain  relation  to 
aortic  pressure,  which  would  remain  constant  as  long  as  the  essential 
conditions  remain  unchanged.  We  know  that  sometimes  there  are  great 
differences  between  arm  and  leg  readings,  and  between  the  readings  from 
the  two  arms,  apparently  due  to  altered  local  conditions — changes  in  the 
conditions  of  the  arteries  in  the  limbs.  It  is  plain  that  a  departure  from 
normal  conditions  may  occur  in  the  arm  as  well  as  in  the  leg.  There  seems 
no  reason  why  contraction  or  other  alteration  in  the  arm  arteries  should  not 
give  high  readings  like  those  of  the  leg.  May  high  arm  readings  be  thus 
got  without  actual  change  in  the  aortic  pressure  ?  In  cases  of  wide  discordance 
between  the  readings  from  different  limbs,  it  is  obviously  essential  to 
ascertain  which  is  the  approximately  correct  guide  to  aortic  pressure.  If 
better  conduction  of  the  systolic  wave  in  a  more  contracted  or  more  rigid 
artery,  e.g.,  in  the  leg,  is  the  cause,  then  the  leg  reading  is  more  nearly  correct, 
and  the  aortic  pressure  is  vastly  higher  than  the  arm  reading  indicates. 
This  would  mean  a  very  great  loss  in  transmission  from  the  aorta  to  the  arm. 
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On  the  other  hand,  if  resistance  to  compression  is  the  sole  or  main  cause  of 
the  higher  leg  readings,'then  these  readings  are  obviously  excessive  and  are 
much  further  from  being  a  true  indication  of  the  actual  blood-pressure  than 
the  arm  readings.  The  same  is  true  if  reflection  from  the  periphery  exercises 
an  important  influence  in  the  leg.* 

In  the  present  investigation  we  have  sought  to  ascertain  the  behaviour 
of  the  arteries  as  regards  conduction  in  different  conditions  of  relaxation, 
contraction,  increased  rigidity,  &c.  There  are  two  ways  in  which  altered 
conditions  of  the  arteries  might  conceivably  affect  conduction  of  the  systolic 
wave.  First,  by  alterations  in  the  rigidity  or  resilience  of  the  arterial  wall, 
modifying  the  propagation  of  the  wave  ;  and,  second,  alterations  in  the 
lumen,  the  wave  being  possibly  cut  down  in  its  transmission  along  a  narrowed 
tube. 

Methods. 

We  have  performed  very  numerous  experiments  on  artificial  circulation 
schemas  and  on  the  circulation  of  animals  and  men.  We  have  employed 
three  forms  of  schema  giving  a  pulsatile  flow  at  rates  like  those  of  the  human 
pulse,  and  pressures  at  various  levels,  from  those  of  high  blood-pressure 
down  to  very  low  pressures.  Ringer's  fluid  was  used  as  the  circulating 
medium.  The  systolic  wave  was  obtained  in  different  ways  in  the  schemas. 
First,  a  Higginson's  syringe  worked  by  a  water  motor  was  used.  Second,  a 
rotating  tap  worked  by  an  electro-motor  was  interposed  between  an  elevated 
reservoir  and  the  tube  leading  to  the  artery.  Third,  an  electro-magnetic 
interrupter  was  interposed  instead  of  the  rotating  tap.  The  peripheral 
resistance  to  the  outflow  from  each  system  was  obtained  : — 

( 1 )  by  using  a  tube  drawn  out  to  a  point  as  an  outlet : 

(2)  by  elevation  of  the  outlet  tube  without  constriction,  and 

(3)  by  a  spring  outlet. 

The  pressures  were  varied  by  : — 

(1)  altering  the  rate  of  pulsation  ; 

(2)  altering  the  height  of  the  reservoir  or  altering  the  stop-cock  between 

the  reservoir  and  the  artery,  or  in  the  case  of  the  Higginson's 
syringe,  by  modifying  the  extent  of  compression  at  each  beat,  and 

(3)  changing  the  peripheral  resistance  to  outflow  from  the  system. 
Wide  variations  of  pulse  pressure  range  were  tried. 

*  There  is  no  evidence  of  this  under  the  conditions  of  the  cHnical  estimation  of  blood-pressure, 
though,  as  is  well  known,  higher  systolic  pressures  have  been  recorded  under  experimental 
conditions  in  the  femoral  artery  than  in  the  carotid. 
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We  have  used  different  kinds  of  arteries — the  carotids  of  the  sheep,  ox 
and  horse,  and  the  metacarpals  of  the  horse.  To  test  an  extreme  case  of 
distensibihty  and  resihence  (beyond  what  is  possible  in  the  human  arteries 
concerned  in  blood-pressure  estimation)  we  have  often  employed  the  relaxed 
carotid  of  the  ox,  a  large  and  highly  expansile  tube  showing  extensive 
pulsatory  changes  at  low  diastoHc  pressures — elongation,  transverse  expansion, 
&c.  We  have  always  used  arteries  of  lengths  equal  to  or  greater  than  that 
of  the  arterial  trunk  leading  from  the  aorta  to  the  seat  of  brachial  compression 
in  ordinary  blood-pressure  estimation  in  man.  Rubber  tubes,  differing 
much  in  their  properties  from  arteries,  are  unsuitable  for  experiment  in  this 
connection. 


Types  of  Experiments. 

The  following  types  of  experiments  were  employed,  the  results  being 
compared  in  the  three  schemas. 

Experiment  1. 

A  piece  of  artery   10-12  cm.  long  {e.g.  relaxed  carotid  of  sheep)  was 
enclosed  in  a  compression  tube  Uke  that  already  described  in  a  former  paper. 
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1.  Arrangement  of  Experiment  1.  The  test  pieces  of  carotid  (sheep)  are  here  shown 
enclosed  in  small  plethysmographs ;  sometimes  instead  of  this  arrangement,  levers  were 
made  to  rest  on  the  arteries,  or  direct  inspection,  or  the  tactile  method  was  used.  The  bent 
tubes  dipping  into  the  Hg.  were  quite  short  and  of  equal  length  ;  their  lengths  are  unequally 
rendered  in  the  drawing.  Each  tube  ends  in  a  separate  Hg.  valve  ;  otherwise  pulsation 
might  in  certain  circumstances  be  propagated  through  the  Hg.  from  one  tube  to  another. 

so  that  obUteration  could  be  effected  by  raising  the  external  pressure  as 
indicated  by  a  mercury  manometer,  while  the  internal  pressure  was  ascer- 
tained by  valved  manometers  on  the  proximal  side  of  the  compression  tube. 
The  glass  tube  leading  out  from  the  artery  in  the  compression  tube  branched 
so  that  it  was  possible  to  interpose  on  the  stream  a  length  of  artery,  contracted 
or  relaxed,  and  to  compare  the  transmission  of  the  pulse  wave  along  these. 
Lengths  of  about  30  cm.  (carotid  of  ox,  &c.)  were  commonly  used.  Distally 
to  these  lengths  of  artery  a  short  piece  of  relaxed  carotid  (sheep)  was 
interposed  to  allow  the  presence  or  absence  of  pulsation  to  be  tested  in  the 
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Fig.  2.  Pulsation  transmitted  through  relaxed  (upper  tracing)  and  contracted  (lower  tracing) 
arteries,  recorded  by  levers  as  stated  in  the  description  of  Experiment  1.  The  obliteration 
of  the  pulsation,  caused  by  raising  the  external  pressure  in  the  compression  tube,  is  seen  to 
occur  pretty  equally  in  both  ;  there  is  complete  obliteration  in  both  at  120  mm.  The 
numbers  beneath  the  lower  tracing  indicate  the  external  pressures — compressing  the  piece 
of  artery — in  the  compression  tube.  To  be  read  from  left  to  right,  as  also  are  the  tracings 
in  Fig.  3  and  4. 


Fig.  3 .  Shows  the  recommencement  of  pulsation  after  complete  obliteration  in  another  experiment. 
The  upper  lever  is  in  relation  with  the  relaxed  and  the  lower  with  the  contracted  artery. 
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Fig.  4.  Pulsation  transmitted  through  lengths  of  relaxed  and  contracted  arteries  as  in  Experi- 
ment  1,  recorded  plethysmographically.  The  upper  tracing  relates  to  the  relaxed  and  the 
lower  to  the  contracted  artery.  When  the  external  pressure  in  the  compression  tube  is 
raised  to  135  pulsation  is  almost  abolished  in  both  records,  there  being  no  recognisable 
difference  in  its  manifestation  after  passing  through  the  lengths  of  relaxed  and  contracted 
artery  respectively.  The  numbers  beneath  the  lower  tracing  show  the  external  pressures 
in  the  compression  tube  in  mm.  Hg. 
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two  streams.  (See  Fig.  1).  The  external  pressure  around  the  artery  in  the 
compression  tube  was  gradually  raised,  and  obliteration  of  the  pulse  was 
ascertained  in  the  two  test  pieces  of  sheep's  carotid.  Various  methods  were 
used  to  determine  the  points  of  aboUtion  and  return  of  pulsation  in  these 
pieces — (a)  the  ordinary  tactile  method,  (6)  direct  inspection,*  (c)  the  use  of 
levers  resting  on  the  artery,  (d)  and  enclosure  of  the  pieces  of  arteries  in 
plethysmographs.  The  recording  mechanisms  thus  obtained  were 
interchanged  from  time  to  time,  as  it  was  sometimes  found  impossible  to 
obtain  absolute  equality  in  sensitiveness  as  far  as  graphic  records  were 
concerned.  The  outflow  from  the  arteries  was  regulated  (a)  by  Hg.  valves 
as  shoMn  in  Fig.  1,  or  (6)  by  turning  up  the  (open)  ends  of  the  tubes  to  a 
certain  level,  or  by  simply  allowing  a  free  outlet  at  table  level  without 
resistance.  In  this  way  the  influence  of  different  residual  pressures,  after 
the  artery  in  the  compression  tube  had  been  obliterated,  was  tested. 

It  was  found  by  the  various  methods  employed  that  the  propagation 
of  the  systohc  wave  was  not  appreciably  different  in  the  lengths  of  contracted 
and  relaxed  artery  through  which  it  had  passed.  (See  Fig.  2,  3  and  4.) 
The  disappearance  and  reappearance  of  the  pulse  in  the  test  pieces  of  sheep's 
carotid  varied  only  in  trivial  degree,  even  when  low  residual  pressures — 
down  to  0 — beyond  {i.e.,  distally  to)  the  seat  of  obhteration  were  used. 
When  a  glass  tube  of  cahbre  similar  to  that  of  the  relaxed  artery  was  compared 
with  the  latter,  the  difference  between  the  two  was  quite  inconsiderable. 

Similar  lengths  of  rubber  or  glass  tubing  were  also  tried  in  place  of  the 
contracted  and  relaxed  arteries  and  tested  in  the  same  ways  ;  the  trans- 
mission was  found  to  be  similar  in  the  two  tubes. 

In  some  experiments  the  contracted  and  relaxed  arteries  were  examined 
separately,  one  only  being  placed  on  the  stream  at  a  time,  the  branched  glass 
tube  being  replaced  by  a  simple  one.  In  this  way  any  possible  disturbance 
from  the  presence  of  streams  of  very  unequal  volume  through  the  contracted 
and  relaxed  arteries  w-as  avoided.     Similar  results  were  got. 

In  a  number  of  cases  observations  were  made  by  watching  the  movement 
of  the  levers  resting  on  the  test  pieces  of  sheep's  carotid — instead  of  making 
them  record  graphically.  In  this  way  possible  inequalities  of  friction  at  the 
writing  points  were  avoided,  though  fallacy  from  this  cause  was  also  obviated 
by  interchanging  the  recording  mechanisms  from  time  to  time.  An  example 
of  the  nature  of  the  results  obtained  is  subjoined. 

Visual  examination  of  levers,  weighted  but  not  writing  on  drum.  The  ext^-mal  pressure  in 
the  compression  tube  was  raised  sufficiently  to  cause  obhteration  and  then  allowed  to  fall  so  as  to 
test  disappearance  and  reappearance  of  the  pulse  m  the  streams  passmg  tiirough  the  contracted 
and  relaxed  arteries  respectively.  The  residual  pressure  in  the  tubes  (arteries,  &c.)  distal  to  the 
compression  tube  when  obhteration  was  effected  in  the  latter  was  10  mm.  Hg.— measured  by  an 
Hg.  manometer,  connected  on  the  distal  side  of  the  compression  tube  and  not  sho^\^l  m  Fig.  1. 
The  peripheral  resistance  determining  the  residual  pressure  was  provided  m  this  experiment  by 


*  Du-ect  inspection  showed  the  presence  of  pulsation  somewhat  below  the  point  at  which 
the  tactile  index  ceased,  as  also  did  inspection  of  the  levers  when  not  mscnbmg  ou  the  drum. 
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elevating  the  ends  of  the  outlet  tubes  to  a  suitable  height.     The  lever  connected  with  the  length 
of  relaxed  artery  is  designated  R  ;   that  with  the  contracted  artery  C. 

External  pressure  in  compression  tube. 

140     Just  perceptible  movement  of  R. 

No  perceptible  movement  of  C. 
138     Somewhat  more  marked  movement  of  R. 

Just  perceptible  movement  of  C. 
136     Decided  movement  in  both,  somewhat  more  pronounced  in  R. 

Residual  pressure  reduced  to  3  mm.  Hg. 
Levers  not  weighted. 

136  Both  stopped. 

132        ,,      moving. 

140        „      stopped.     Systolic  pressure  somewhat  raised. 

136        „     moving. 

138        „  „        faintly. 

Lengths  of  contracted  and  relaxed  artery  interchanged. 

Levers  not  disturbed,  but  their  relations  to  the  contracted  and  relaxed  arteries  are  reversed. 

132  Both  moving  about  equally. 

134  ,,      just  moving. 

136  ,,      stopped. 

134  ,,      moving  perceptibly — about  equally. 

One  artery  used  at  a  time. 
Contracted. 

140  Perceptible  movement. 

141  No  movement. 

Relaxed. 

138  Perceptible  movement. 
140  No  distinct  movement. 
138     Perceptible  movement. 

Experiment  2. 

Here  a  considerable  stretch  of  relaxed  artery,  e.g.,  30  cm.  of  ox  carotid, 
was  placed  on  the  stream  distaUy  to  the  compression  tube,  with  a  test  piece 


^"-V  i^.  w,—?;. 
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Tude 

Fig.  5.  To  test  conduction  along  a  30  cm.  length  of  artery  (relaxed,  &c.),  the  latter  was  placed 
distally  to  the  compression  tube  with  short  pieces  of  relaxed  carotid  (sheep)  near  each  end. 
A  lever  rested  on  each  of  these  pieces  and  was  made  to  record  graphically  or  its  movement 
was  watched  for  cessation  and  recommencement  of  the  pvdse  when  the  external  pressure 
in  the  compression  tube  was  raised  to  obHteration  point  and  lowered.  The  relaxed  carotid 
of  the  ox  or  horse,  a  large  resilient  tube,  was  often  taken  as  the  30  cm.  length. 

of  relaxed  carotid  (sheep)  at  each  end.  On  each  of  these  pieces  a  lever  was 
made  to  rest.  (See  Fig.  5.)  This  lever  was  made  to  record  in  the  usual  way, 
or  its  movement  was  examined  by  direct  inspection  ;  sometimes  the  piece  of 
artery  was  watched  for  visible  pulsation  without  a  lever,  or  the  usual  tactile 
index  was  employed.  When  the  artery  in  the  compression  tube  Avas 
obhterated  by  a  gradual  rise  of  external  pressure,  the  distal  lever  sto23ped 
moving  sooner  than  the  proximal  one,  indicating  a  certain  loss  in  transmission 
along  the  30  cm.  length  of  relaxed    carotid,  but    this    loss    was    always 
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inconsiderable,  amounting  only  to  such  values  as  4-8  mm.,  very  low  residual 
pressures  (down  to  0)  being  tried  in  some  cases.  There  was  a  shght  loss  even 
when  a  contracted  artery  or  a  glass  tube  was  used  in  similar  circumstances. 

The  evidence  obtained  from  these  two  forms  of  experiment  shows  very 
httle  effect  of  contraction  and  relaxation  in  influencing  the  propagation 
of  the  systohc  wave  under  those  conditions.  They  quite  oppose  the  idea 
of  any  extensive  damping  down  of  the  wave  in  its  passage  along  the  relaxed 
tube. 

These  types  of  experiment  bear  more  directly  upon  the  propagation 
below  the  armlet  in  ordinary  blood-pressure  estimations,  between  the 
brachial  artery  and  the  radial.  In  order  to  compare  more  closely  the  con- 
ditions obtaining  in  blood-pressure  estimations  as  regards  the  behaviour 
of  the  arterial  tube  proximal  to  the  armlet,  between  the  armlet  and  the  aorta, 
we  have  carried  out  other  experiments. 

Experiment  3. 

Here  the  artery  was  placed  on  the  stream  between  proximal  and  distal 
manometers  connected  as  shown  in  Fig.  6,*  or  in  other  cases,  in  such  a  way 
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Side  Stream 
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Fe/sxed  Artery  Sc. 


mr-nszzzs/ 


Max    Min.  Max.      Min. 

Proximal  Manometers  Distal  Manometers 

Fig.  6.  To  test  conduction  in  a  length  of  relaxed  artery  (or  glass  tube).  Valved  manometers 
are  connected  near  the  proximal  and  distal  ends  of  the  arter\-.  The  peripheral  resistance 
is  supplied  by  spring  outlets — a  broad  flat  spring  (faced  with  india-rubber)  closing  the  enlarged 
mouths  of  the  discharge  tubes.     (The  enlargement  of  the  mouth  is  not  shown.) 

that  the  manometer  connections  faced  the  stream.  Lengths  of  contracted 
and  relaxed  artery  were  used  and  also  similar  lengths  of  glass  tubing  of 
various  cahbres.  Cahbre  was  found  to  exert  a  very  important  influence 
under  conditions  of  this  sort,  there  being  a  great  loss  in  transmission  along 
a  narrow  tube,  e.g.,  with  a  1  mm.  tube  the  distal  pressure  was  cut  down 
enormously  ;  with  a  3  mm.  tube,  to  a  less  extent,  but  still  greatly.  When 
a  length  of  relaxed  artery  was  compared  with  the  contracted  artery,  various 
results  were  obtained,  depending  upon  the  inter-action  of  two  factors,  (a)  the 
difference  in  rigidity  of  the  arterial  walls,  and  (6)  the  size  of  the  lumen.     The 

*  In  this  type  of  experiment,  as  in  some  others,  we  have  supplied  {Jeripheral  resistance  by 
using  a  broad  flat  spring  faced  with  india-rubber  to  close  the  widened  mouth  of  each  outlet  tube 
and  resist  the  outflow  of  fluid.  With  some  forms  of  jeripheral  resistance  (e.g.,  a  tube  drawn  out 
to  a  point)  reflected  waves  occur,  causing  the  systolic  pressure  to  be  higher  in  the  distal  thaa 
in  the  pr^^ximal  manometer. 
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resultant  of  these  factors  was  such  that  often  little  difference  was  found  in  the 
transmission  of  the  systolic  wave  in  the  contracted  and  relaxed  arteries. 
(The  systolic  pressure  in  the  whole  system  is  naturally  lower  when  a  large 
resilient  relaxed  artery  is  included  in  it.) 

Relaxed  arteries  were  also  compared  with  rigid  tubes  of  similar  calibre, 
and  it  was  found  that  the  relaxed  artery  showed  a  loss  commonly  of  from 
5  to  10%  as  compared  with  the  rigid  tube,  the  loss  being  greater  with  very 
free  outflow  and  very  low  diastolic  pressures. 

Experiment  4. 

Arteries  in  different  conditions  and  rigid  tubes  of  different  calibres  were 
tested  by  being  placed  between  the  proximal  manometers  and  the  stream, 
in  the  way  shown  in  Fig.  7.     The  influence  of  calibre  was  here  found  to  be 
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Fig.  7.  Arrangement  for  testing  the  conduction  of  the  systohc  wave  in  a  piece  of  artery  or  in 
tubes  of  various  caUbres  interposed  between  the  stream  to  the  compression  tube  and  the 
proximal  manometer.     Manometer  and  obliteration  give  coiTesponding  readings. 

slight.  With  the  stream  flowing,  there  was  no  appreciable  difference  when 
3  mm.  and  1  mm.  tubes  were  compared.  When  the  stream  was  stopped 
by  obliteration  of  the  artery  in  the  compression  tube,  there  were  differences 
commonly  of  about  4  or  5%  in  favour  of  the  larger  tube.  Still  larger  tubes 
gave  no  difference  as  regards  systolic  pressure.  Relaxed  arteries  show  no 
appreciable  difference  as  compared  with  glass  tubes  of  similar  dimensions, 
as  far  as  systolic  pressure  is  concerned — no  appreciable  loss  in  conduction. 

The  systolic  pressure  within  the  system  was  tested  by  ascertaining  the 
external  pressure  necessary  to  obhterate  the  artery  in  the  compression  tube, 
as  shown  by  disappearance  and  reappearance  of  the  pulse  distally  to  the 
compression  tube.  The  values  ascertained  in  this  way  were  compared  with 
the  simultaneous  readings  of  the  proximal  manometer  (maximal)  when  a 
relaxed  or  contracted  artery  or  glass  tubes  of  various  calibres  were  interposed 
between  the  manometers  and  the  stream  ;  they  agreed  in  each  case. 

Of  course  the  systolic  pressure  in  the  system  was  lower  when  a  large 
relaxed  artery  was  used — on  account  of  the  elasticity  thus  added  to  the 
system,  but  the  measurement  of  such  pressure  by  the  manometer  was  not 
appreciably  affected  by  the  presence  of  the  large  resilient  tube  on  the  way 
to  the  manometer.      The  obliteration  test,  just  referred  to,  shows  this. 
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Experiment  5. 

The  arteries  to  be  tested  in  different  conditions  and  the  rigid  tubes  of 
different  cahbres  were  placed  between  the  proximal  manometer  connection 
and  the  compression  tube  (as  shown  in  Fig.  8).     Beyond  the  compression 
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Fig.   8.     To  show  the  arrangement  used  in  Experiment  5. 
in  the  text  is  indicated  bv  dotted  lines. 
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tube  a  test  piece  of  relaxed  artery  was  placed  to  detect  the  disappearance 
and  re-appearance  of  the  pulse  in  the  usual  ways— tactile,  visual,  lever,  &:c., 
or  instead  of  these  test  pieces  a  vertical  glass  tube  was  connected  to  serve  as 
an  indicator  of  the  pulse.*  Xo  appreciable  difference  was  obtained  with 
equal  lengths  of  relaxed  and  contracted  artery  at  ordinary  diastoHc  pressures, 
e.g.,  50-70,  and  sometimes  not  even  "«-ith  diastoUc  pressures  as  low  as  from 
10  mm.  down  to  0  \\\\Ai  systohc  pressures  of  50,  &:c.  The  same  held  good 
when  the  relaxed  artery  was  compared  with  a  glass  tube  of  similar  cahbre. 

While  the  systohc  pressure  was  lower  in  the  whole  system  with  a  large 
expansile  or  relaxed  artery  there  was  no  evidence  of  loss  in  transmission 
alone  the  resilient  tube,  as  tested  bv  obliteration  on  the  distal  side. 

The  influence  of  cahbre  was  tested  with  rigid  tubes,  10-22-5  cm.  in  length 
and  1  mm.  and  3  mm.  in  calibre  ;  with  the  1  mm.  tube  losses  were  found 
varying  according  to  the  conditions  present,  from  5  to  15%. 

These  results  are  obviously  opposed  to  the  idea  of  a  great  loss  occurring 
in  systohc  propagation  from  aorta  to  brachial.  But  in  the  latter  the 
conditions  are  not  quite  identical  in  this  respect,  that,  in  the  experiment  just 
described,  there  is  a  stationarv  column  of  fluid  between  the  obhterated 
artery  and  the  manometer  connection  where  the  measurement  of  pressure 
is  made,  whereas  in  man  there  is  a  certain  amount  of  flow  along  the  arterial 
tube  between  aorta  and  obhterated  brachial,  the  blood  passing  out  by  the 


*  The  side  stream  indicated  in  Fig.  8  obvaates  the  occurrence  of  any  great  change  in  the 
systolic  pressure  when  obliteration  is  effected  in  the  compression  tube. 
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various  branches  of  the  subclavian,  axillary,  and  the  part  of  the  brachial 
above  the  seat  of  compression.  In  order  to  reproduce  this  condition  more 
closely,  we  have  used  the  next  mentioned  form  of  experiment. 


Exjjeriment  6. 

Here  a  modification  is  introduced  for  the  purpose  just  stated,  by  inter- 
posing an  additional  outlet  at  the  distal  end  of  the  length  of  artery  being 
examined,  i.e.,  betAveen  the  end  of  the  artery  and  the  compression  tube,  as 
shown  in  Fig.  9.     This  provides  for  a  certain  amount  of  flow  through  the 
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Fig.  9.  Arrangement  for  testing  conduction  alou^  an  artery  placed  before  the  compression  tube, 
a  certain  amount  of  flow  being  allowed  to  continue  throvigh  the  artery  (by  the  additional 
outlet)  while  obliteration  is  tested  in  the  usual  way  by  raising  the  external  pressure  in  the 
comiiression  tube.  The  electro -magnetic  device  for  rhythmically  interrupting  the  stream 
(60  times  per  minute,  &c.)  from  the  reservoir  is  described  elsewhere.   (This  Journal,  iv,  279.) 

length  of  artery  when  obliteration  has  been  effected  in  the  compression  tube. 
It  was  found  that  no  important  effect  resulted  from  this  modification,  when 
relaxed  artery  and  rigid  tube  of  similar  calibres  were  compared  as  before. 

When  rigid  tubes  of  extremely  small  calibre  were  used,  a  certain  effect 
was  produced,  though  it  was  not  very  extensive  and  the  diminution  of 
calibre  required  to  j)roduce  such  effect  was  so  great,  e.g.,  1  mm.,  that  it  does 
not  seem  to  have  any  application  to  the  conditions  present  in  blood-pressure 
estimation  in  man  by  the  obliteration  method  applied  to  the  brachial  artery — 
in  view  of  the  large  size  of  the  arterial  trunk  leading  from  the  aorta  to  the 
brachial.  Constriction  of  the  main  artery  would,  no  doubt,  be  accompanied 
by  constriction — probably  more  extreme — of  its  branches  and  a  diminished 
flow  through  them — caeteris  paribus. 
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Experiment  7, 

An  arterial  cannula  in  the  abdominal  aorta  or  carotid  (cat)  was  connected 
with  a  branched  tube  leading  to  lengths  of  relaxed  artery  and  rigid  tubing, 
each  of  which  conducted  to  maximal  and  minimal  manometers,  as  indicated 


in  Fig.  10. 

Manometers 
Max. 

Min 


Max 


It  was  found  that  similar  readings  were  obtained  in  both  sets  of 


To  Cannula 
z(j1orta&c) 


Min. 

Fig.  10.  To  show  the  mode  of  simultaneously  testing  conduction  through  a  relaxed  artery 
27-30  cm.  long  (carotid  of  sheep)  and  a  rigid  (glass)  tube  of  similar  dimensions  placed  on  the 
way  from  the  aorta  or  ctirotid  to  the  pairs  of  valved  manometers. 

manometers,  both  as  regards  systohc  and  diastolic  pressures.  Evidently  the 
transmission  of  the  pressure  was  not  appreciably  different  in  the  relaxed 
artery  and  the  rigid  tube.  This  held  good  at  very  different  levels  of  pressure 
in  different  experiments,  or  in  the  course  of  the  same  experiment.  Such 
differences  were  introduced  in  various  wavs  by  vagus  stimulation,  by  the 
administration  of  amyl  nitrite,  chloral,  &c.  Systohc  pressures  varying  from 
118  mm.  to  18  mm.  and  diastohc  pressures  ranging  from  110  mm.  to  as  low 
as  10  mm.  were  observed,  and  in  every  case,  whether  w  itii  slow  or  fast  pulse 
rates,  the  manometer  indications  varied  in  similar  fashion.  The  resilience 
of  the  relaxed  artery  was  obviously  in  pla}-  though  not  showing  any 
appreciable  result  in  the  readings  ;  very  marked  pulsation  was  evident  in 
the  artery — locomotion,  bending  and  transverse  expansion — at  the  lo\\er 
diastolic  pressures. 

The  manometer  readings  were  of  course  made  simultaneously,  and  were 
checked  by  different  observers. 

A  few  examples  are  subjoined,  obtained  from  cats  anaesthetised  with 
chloroform  and  chloral.  The  pulse-rates  were  as  a  rule  very  fast  and  the 
pulse-jDressure  range  relatively  small,  though  not  always  so.  Sodium 
citrate  solution  was  used  as  an  anti-coagulant  in  the  blood-pressure  cannula. 

Experiment  A. 

Blood -pressure  cannula  in  carotid.     Lengths  of  glass  tubing  and  relaxed  carotid  (sheep)  27 
em.  long  on  the  way  to  the  memometers. 


Systolic. 
Gl^ss  Tube.         Relaxed  Aktery. 
118  118 

114  lU 

Heart  slowed  somewl.at  by  yagus. 


80 

80 

82 

82 

Amyl  nitrate  admini-stered. 

66-68 

66-68 

Pressure  on  abdomen. 

78 

78 

Later, 

38 

38 

Dl\stolic. 
Glass  Tube.  Rei„\xed  Artery. 


110 
100-104 

110 
102-104 

72 
74 

72 
74 

60 

60 

72 

72 

34 

34 
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Experiment  B. 

In  another  experiment  in  which  a  similar  correspondence  between  the  readings  was  observed 
(systohes  72  mm.  &c.)  with  a  slower  pialse  and  a  very  much  greater  range  between  sj"stolic  and 
diastoUc  pressures,  collapse  occurred  (overdose  of  chloroform  and  chloral)  and  cardiac  massage 
being  employed,  the  effects  of  excessivelj-  low  pressures  were  observed.    Blood  press,  from  carotid. 


Systolic. 
Glass  Tube.         Relaxed  Aktery. 
20  22 

28  28 


Diastolic. 
Glass  Tube.  Relaxed  Artery. 

12  13 

12  16 


It  is  to  be  noted  that  even  with  such  extremely  low  diastolic  pressures — bringing  out  extensive 
visible  pulsation  in  the  length  of  relaxed  artery — there  was  nothing  beyond  quite  inconsiderable 
differences — and  these  rather  in  favour  of  the  artery. 

Experiment  C. 

Blood-pressure  from  abdominal  aorta. 

29  cm.  lengths  of  glass  tube  and  relaxed  carotid  (sheep)  used. 


Systolic. 
Glass  Tube.         Relaxed  Artery. 


96 

98 

96 

96 

94 

94 

Slight  vagvLS  stimulation. 

84 

86 

Amyl  nitrite  given. 

46 

46 

Shortly  afterwards. 

48 

48 

58 

59 

Pilocarpine  injected. 

76 

76 

60 

60 

56 

56 

Thorax  opened.     Heart  slowed  by 

faradisation  of  inhibit  or  v 

area. 

16 

18 

Large  dose  of  chloral  (intrav 

enous)  after 

faradisation  discontinued. 

30 

30 

Diastolic. 

Glass  Tube.  Relaxed  Artery. 

84  84 

80  80 

80  80 


76 

40 

44 
50 

68 
56 
52 

10 

24 


76 

40 

44 
50 

68 
56 
52 

10 

24 


Discussion  of  Results. 


Evidence  from  the  types  of  experiment  described. 

With  regard  to  the  two  jDossible  factors  possibly  affecting  conduction 
of  the  systohc  wave  (a)  change  in  the  size  of  the  lumen,  and  (6)  change  in  the 
character  of  the  arterial  wall  as  regards  resilience  or  rigidity,  the  foregoing 
experiments  show  that  in  regard  to  (a),  constriction  of  the  lumen  has  very 
different  results  according  as  there  is  a  stream  flowing  through  the  tube  or 
not.  A  tube  of  small  calibre  interposed  in  the  course  of  an  actively  flowing 
stream,  cuts  down  the  systohc  wave  very  greatly,  the  amount  of  diminution 
varying  of  course  according  to  the  smallness  of  the  cahbre,  the  length  of 
narrow  tube  interposed,  &c.  In  our  experiments  the  systohc  wave  was 
often  cut  down  50%,  &c. 

On  the  other  hand,  when  there  is  no  flow  and  the  narrow  tube  is  filled 
by  a  stationary  column  of  fluid  leading  back  to  the  point  where  the  pressure 
is  measured  by  the  manometer,  the  effect  of  smallness  of  cahbre  is  relatively 
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slight,  amounting  to  5-15%,  when  a  very  small  tube,  1  mm.  calibre,  of 
considerable  length  was  used.  With  a  3  mm.  tube  no  appreciable  effect  was 
observed  under  similar  conditions. 

When  a  certain  amount  of  flow  through  the  narrow  tube  was  present, 
the  effects  were  more  marked  than  in  the  preceding  case,  though  not  very 
extensive.  It  is  clear  that  the  effects  of  constriction  of  the  tube  under  the 
conditions  of  blood-pressure  estimation  by  the  obliteration  method  can  only 
exercise  any  considerable  effect  when  the  constriction  is  extreme — in  such  a 
degree  as  would  not  be  applicable  in  the  case  of  the  arterial  tube  leading 
from  the  aorta  to  the  seat  of  brachial  compression. 

Findlay^  has  described  the  occurrence  of  very  large  differences  between 
brachial  pressure  and  digital  pressure  in  certain  conditions,  e.g.,  Bright's 
disease,  and  also  between  carotid  pressure  and  paw  pressure  in  cats  under  the 
influence  of  adrenalin.  These  effects  he  ascribes  to  arterial  constriction 
cutting  down  the  systolic  wave.  Here  relatively  small  arteries  aro  concerned, 
as  compared  with  the  large  arterial  tube  constituting  the  path  from  the  aorta 
to  the  upper  arm  which  is  in  question  in  ordinary  blood-pressure  estimation. 

As  regards  the  second  factor  (6),  our  results  make  it  clear  that  changes 
in  the  character  of  the  arterial  wall  as  regards  resilience  or  rigidity  make 
very  little,  if  any,  difference  under  the  conditions  of  blood-pressure 
estimation,  as  far  as  the  transmission  of  pressure  from  the  aorta  to  the 
brachial  artery  is  concerned.  Our  evidence  shows  that  with  very  extensive 
changes  in  the  arterial  wall  varying  from  a  rigid  condition  to  that  of  a  highly 
elastic  and  distensible  tube,  even  with  excessively  low  diastolic  pressure,  no 
considerable  effect,  if  any,  is  produced. 

It  need  hardly  be  said  that  the  elasticity  of  the  aorta  and  its  branches 
is  of  prime  importance  in  affecting  the  pressures  in  the  vascular  system, 
giving  lower  systolic  and  higher  diastolic  pressures  than  would  be  present 
with  the  heart  pumping  into  relatively  inelastic  or  rigid  tubes.  But  while  the 
height  of  the  aortic  systolic  pressure  is  largely  influenced  by  this  factor,  the 
transmission  of  the  pressure  from  aorta  to  brachial  is  not  appreciably 
affected,  under  the  conditions  of  blood-pressure  estimation,  by  the  rigidity 
or  resilience  of  the  intervening  tube.  This  tube  constitutes  only  a  very 
small  part  of  the  arterial  tree,  and  its  condition  will  affect  the  aortic  pressure 
only  in  proportion  to  the  amount  of  elasticity  which  it  normally  contributes 
to  the  arterial  system  as  a  whole. 

Similarly  in  the  case  of  a  distensible  and  elastic  artery  between  an 
arterial  cannula  and  a  manometer,  if  the  properties  of  the  artery  are  such  as 
to  have  any  appreciable  eft'ect  on  the  manometer  reading,  such  effect  is  due 
to  a  change  of  carotid  and  aortic  pressure,  not  to  appreciable  loss  in 
transmission  from  the  arterial  cannula  to  the  manometer. 

Hill  with  Flack  and  Holtzmann^  and  with  Rowland^  have  obtained 
results  which  have  led  them  to  ascribe  very  great  importance  to  the  influence 
of  the  arterial  tube  in  modifving  conduction  of  the  svstohc  wave  and  so 
affecting  blood-pressure  readings  very  extensively.     They  interpret  the  wide 
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differences  in  arm  and  leg  readings  in  the  cases  of  aortic  regurgitation  (over 
100  mm,  sometimes)  to  an  influence  of  this  sort,  to  the  leg  arteries  being  more 
contracted  or  more  rigid  and  thus  conducting  the  systolic  wave  better.* 

If  this  view  is  correct,  the  leg  readings  would  afford  more  accurate 
indications  of  aortic  pressure  than  the  arm  readings,  the  aortic  pressure 
really  being  vastly  higher  than  is  indicated  in  the  arm.  Such  a  hypothesis 
would  involve  the  occurrence  of  a  very  great  loss  in  transmission  between 
aorta  and  brachial,  as  much  as  80  mm.,  100  mm.  or  more  in  some  cases. 

The  experimental  e%idence  we  have  adduced  is  entirely  opposed  to  such 
an  assumption  ;  in  our  experiments  even  with  diastolic  pressures  lower  than 
any  observed  in  aortic  regurgitation,  there  has  been  no  appreciable  effect  in 
the  way  of  loss  in  transmission  along  a  highly  elastic  and  distensible  artery. 

Additional  evidence. 

There  is  also  evidence  to  be  adduced  from  other  sources.  In  the  case 
of  the  normal  arm  arteries  there  is  no  evidence  of  any  important  loss  in 
transmission  of  the  pulse  wave  from  brachial  to  radial.  This  is  seen  when 
the  Erlanger-  apparatus  is  used  for  ascertaining  systolic  pressure  in  the  way 
described  by  its  inventor,  the  systolic  index  being  a  sudden  rise  in  the  size 
of  the  oscillations  and  a  separation  of  the  limbs  of  the  individual  curves  ; 
this  systolic  index  obtained  at  the  upper  part  of  the  arm  is  only  shghtly 
different  from  the  tactile  index  obtained  from  the  radial  pulse.  Erlanger 
puts  the  difference  at  5-15  mm.,  but  this  difference  possibh^  depends  largely 
on  the  arrival  of  fully  developed  waves  at  the  wrist  being  taken  as  the  index. 
When  rudimentary  waves  are  taken,  Janeway '  finds  a  difference  of  2-5  mm.  ; 
our  own  experience  coincides  with  that  of  Janeway.  Oliver^  finds  by  his 
visual  index  that  reappearing  waves  can  be  detected  at  the  wrist  earlier 
than  by  the  tactile  method — this  tending  to  make  the  difference  between 
arm  and  wrist  still  less.  In  any  case  it  is  clear  that  the  loss  is  a  quite 
inconsiderable  or  negligible  one. 

Similar  evidence  is  obtained  by  comparing  the  brachial  index  near  the 
elbo\\-  with  the  radial  index.     Very  httle,  if  any,  loss  is  recognisable. 

Again,  when  obliteration  readings  are  taken  from  the  arm  as  high  up  as 
possible  and  compared  with  those  from  the  forearm  as  low  down  as  possible, 
the  difference  is  slight,  a  few  mm.,  up  to  about  10  mm.  in  our  experience, 
showing  that  between  those  points  the  passage  of  the  systohc  wave  is  Httle 
affected. 

The  normal  arterv  evidentlv  conducts  so  A\ell  that  little  can  be  gained 
by  an  increased  rigidity  of  its  walls  ;  this  is  against  the  idea  that  a  stiffened 
artery  leading  from  the  aorta  to  the  seat  of  radial  compression  might  give 
abnormally  high  readings  simply  by  better  transmission  of  a  normal  aortic 
systohc  pressure.      The  same  apphes  to  the  leg  arteries. 


*  Russell  Wells  &  Hill  have  recently  emphasised  the  conductance  hypothesis.      Proc.    roy. 
Soc.,  Series  B,  lxxxvi    180  ) 
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If  the  absence  of  any  considerable  loss  is  due  to  the  tone  of  the  artery 
there  ought  to  be  marked  loss  on  reduction  or  abolition  of  that  tone.  Repeated 
compression  of  the  arm  or  of  both  arm  and  forearm,  necessarily  causing 
relaxation  of  the  artery,  makes  no  appreciable  difference  in  the  radial  index 
Avhen  brachial  obliteration  is  employed,  showing  that  even  when  the  normal 
tone  is  in  abej-ance  the  loss  in  transmission  is  quite  inconsiderable. 

Even  in  aortic  regurgitation  with  its  low  diastolic  pressure  and  large 
systolic  ^^ave,  the  difference  between  arm  and  forearm  reading  seems  to  be 
Ciuite  shght.  Mr.  J.  R.  Murra}^.  M.B.,  has  been  examining  this  point  and 
allows  us  to  state  the  result  of  his  observations  in  this  respect  ;  he  finds  only 
a  slight  loss,  e.g.,  10  mm.,  &c.  If  there  were  anything  hke  such  an  enormous 
loss  as  80  or  100  mm.  in  transmission  from  aorta  to  brachial  in  cases  of  aortic 
regurgitation,  there  ought  obviously  to  be  very  marked  differences  between 
the  upper  part  of  the  arm  and  the  lower  part  of  the  forearm. 

Another  piece  of  evidence  is  derivable  from  the  consideration  of  arm  and 
leg  pressures  in  the  normal  individual.  In  the  standing  position  these 
pressures  are  similar  when  the  hydrostatic  difference  due  to  the  difference 
in  level  between  the  seats  of  obliteration  in  arm  and  leg  is  deducted.  This 
was  described  by  Hill  and  Flack, ^  and  our  own  observations  are  in  agreement 
with  theirs.  It  seems  to  us  that  a  deduction  not  made  by  Hill  and  Flack 
may  be  drawn  from  the  facts  stated — a  deduction  bearing  on  the  C£uestion  of 
conduction.  In  the  standing  position  the  leg  arteries  are  exposed  to  a  very 
much  higher  internal  pressure  than  the  arm  arteries  in  consecpience  of  the 
hydrostatic  factor,  e.g.,  a  pressure  of  180  mm.  in  the  leg  as  compared  with 
120  mm.  in  the  arm,  &c.  Consequently  the  leg  arteries  must  be  in  a  tenser 
condition,  the  arterial  wall  being  more  stretched  by  the  internal  pressure  and 
so  rendered  less  distensible  ;  or  if  distension  is  prevented  by  increased 
muscular  tone,  that  again  involves  markedly  diminished  resihence.  In 
either  case  it  is  clear  that  the  leg  arteries  must  under  these  conditions  act 
as  stiffer  tubes  than  the  arm  arteries.  And  if  conduction  is  readily  and 
powerfulh'  influenced  by  alterations  in  the  character  of  the  arterial  wall, 
the  systolic  wave  should  be  propagated  more  effectively  from  the  aorta  to  the 
leg,  Mith  the  result  that  a  higher  reading  should  be  obtained,  as  compared 
with  the  arm,  than  would  be  accounted  for  by  the  hydrostatic  difference. 
This,  as  we  have  seen,  is  not  the  case. 

In  the  case  of  the  arm  arteries  no  marked  effect  is  recognisable,  as 
regards  transmission,  when  the  artery  is  tensely  filled  and  when  it  is  only 
poorly  filled.  Such  conditions  can  be  compared  when  blood-pressure 
readings  are  being  made  from  the  arm  in  the  usual  way.  If  the  obhterating 
pressure  is  rapidly  pumped  up,  the  artery  between  the  armlet  and  the  wrist 
is  relatively  empty,  i.e.,  has  very  low  internal  pressure.  On  the  other  hand, 
if  the  armlet  pressure  is  raised  to  a  httle  below  the  obhterating  pressure  and 
kept  at  that  level  for  some  time,  the  whole  hmb  beloAv  the  armlet  will  become 
turgid  with  blood  at  high  pressure  as  indicated  by  a  pressure  in  the  veins 
not   much  below  obliteration  pressure    in  the  brachial  artery.     Here  the 
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artery  between  armlet  and  wrist  is  tensely  filled,  and  yet  no  marked  difference 
in  the  radial  index  is  recognisable.  The  auditory  method  used  at  the  elbow 
can  be  employed  in  this  connection,  also  the  Erlanger  systolic  index. 

Further,  there  is  the  fact  that  quite  moderate  or  low  pressures  are 
sometimes  obtained  with  sclerosed  and  inelastic  arm  arteries.  Such  might 
of  course  be  due  to  abnormally  low  aortic  pressures,  so  that  though  trans- 
mission from  the  aorta  might  conceivably  be  unusually  good,  the  arm  reading 
might  still  be  low.  That  such  is  not  the  explanation  in  some  such  cases  is 
indicated  by  the  fact  that  the  diastolic  pressure  is  not  unduly  low,  and  there 
is  no  reason  to  beheve  that  the  aortic  systolic  pressure  is  abnormally  low. 

In  a  careful  examination  of  the  pressures  at  different  parts  of  the  arterial 
tree,  made  with  valved  manometers,  P.  M.  Dawson^  found  in  the  dog  only  a 
trivial  fall  of  systohc  pressure  between  the  innominate  and  the  right  brachial, 
e.g.,  a  pressure  of  160  mm.  in  the  innominate  and  156  mm.  in  the  brachial  ; 
he  found  the  average  in  the  left  brachial  to  be  the  same  as  in  the  innominate. 

,:■  Conclusions. 

While  the  elasticity  of  the  aorta  and  its  branches  is  of  great  importance 
in  regard  to  the  systolic  and  diastolic  pressures  in  the  arterial  tree — giving 
lower  systolic  and  higher  diastolic  pressures  than  would  otherAvise  be  present 
— the  transmission  of  the  systolic  pressure  from  the  aorta  to  the  brachial 
artery  is  not,  under  the  ordinary  conditions  of  blood-pressure  estimation  by 
the  obliteration  method,  appreciably  influenced  by  the  resilience  or  rigidity 
of  the  intervening  arterial  tube. 

The  differences  sometimes  observed  between  arm  and  leg  readings, 
between  the  two  arn:s,  arm  and  forearm,  &c.,  are  not  to  be  explained  by 
differences  in  the  conduction  of  the  systolic  wave  from  the  aorta  depending 
on  the  character  of  the  arterial  tubes  in  the  different  limbs,  &c. 

Diminution  in  the  cahbre  of  an  artery,  if  extreme,  may  influence  the 
propagation  of  the  systolic  wave,  but  under  the  ordinary  conditions  of 
blood-pressure  estimation  in  the  arm  this  factor  is  a  negligible  one. 
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